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Atlention: S(d) HEALTH and SAFETY REPORTING RULE (REPORTING) 
May 1, 1987 

Dear Sir or Madam: 

As described at 40 C.F.\. 716.20(a/ (10), the International Isocyanate 
Institute (III) submHs the enclosed studies on behalf of its members to 
satisfy member reporting requirements under Section B(d) of the Toxic 
Substances Control Act. These studies are on chemicals added to the B(d) 
list on May 1, 1987. The studies are indexed by CAS numbers vith ch~mical 
name, III identification number and title provided. 

Attachment #1 is an indexed list of completed studies. 

Attachment #2 is • compilation of the reports from the completed studies. 

Attachment 13 is an indexed list of atudies that nre currently in progress. 

Please ref er to the Ill identification num~er in any communication regard­
ing the report. 

If the Agency needs further inf1:>rmation, please do not hesitate to contact 
me. 

RKR/c 
enclos\.lres 



<6'°- ~10D co <s 11 

CAS 

III NUMBER 

10000 

10005 

10008 

10010 

10012 

10013 

10014 

10018 

10019 

10022 

101-68-8 

ATTACHMENT 11 

INDEXED LIST OF COMPLETED STUDIES 

Benzene, l,l'-methy1eneb1s[4-1socyanato­
MethyLened1-p-phenylene d11Locyanate 
4,4'-Methylenebis(phenyl isocyanate) 
MDI 

,4'-DiisocyanatodiphenyJmethane 

TIIlE 

Prepolymeric MDI (Biphenyl!'M!thane Diiso;:yanat) with and without added 
Phenyl Isocyanate (Ph!) - one hour acute inhalation toxicity. 

Determination of the concentration of vapor generated from monomeric 
4.~

1

-Diphenyh:etliane OU.t.!icyanate (MDI) by a dynamic method. 

tudy into t ..• rnlati.l)r. between polymeric MDI concentration 
taim:d hy a QC~-Casc1de , HPLC and Colorimetry. 

! quid Waste after TOI/MDI decontamination. 

Literature Study -:n Reiaction of lsocyanates with Biological Materials. 

Report on fir'! haz2rd ·of Isocyanate chemicals. 

Report on fire hazard of Isocy3nate chemicals. 

Analytical methods to monitor aerosols of Polymeric 4,4'-0iphenyl11tethane-
dii.socyanate (MDI) at lo•., concentrations. ' 

Aquatic life study phase H, step 2 Accumulation .of TOI, MDI, TOA and MDA 
in fish and their toxicity. 

Ge leration and 1110nitoring of breathable ~erosols of rolymeric 
4,4'-diphenylmethane-diisocyanate (MDI). 



III NUM:r.!R . . 
10026 

10050 

10065 

10074 

10075 

10076 

10077 

10092 

10129 

10187 

10188 

ATTACHMENT 11 

IND:XED LIST OF COMPLETED STUDlES 

CAS ilOl-68-8 B~nzene. l,l'-i:iethylenebis[4-isocyanato­
Methylenedi-p-phenylene diisocyanate 
4,4'-Methylenebis(phenyl isocyane~e) 
MDI 
4,4'-Diisocyanatodiphenylmethane 

TinE 

Pre-polymeric diphenylmethane,4,4', diisocyanate (Petmar MDI) 
Pre-polymeric diphenyl:nethane,4,4', diisocyanate +phenyl isocyanate. 50 ppm. 
Pre-polymer.le diphenylmethane,4,4', diisocyanate +phenyl isocyanate. 150 ppm. 
kl experlment to investigate the relative sub-acut~ toxicity of the above 
substances in the =at by inhalation. 

Meta~olis~ and toxicogenetics of Methylenedianiline. 

A study of the Jiff usion of MDI in rats contaminated via the respiratory system. 

Investigatio:ls on the microbial degradation of PU forams. Part II. 

Respiratory Sensitivity Study. 

Deposition of aerosol components on the hair of rats exposed to polymeric MDI 
aerosols. 

Acute inhalation toxicity study of polymer1c MDI in rats. 

Biological action of TDI and MDI in water. 

I nological aspe~ts of Isocyanate£. 

Isocyanates IrritatAJn <?nd Hypersenoitivity. 

Preliminary study on skin sensitization caused by MDI solutions. 
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III NUKIEa 

10206 

10223 

10234 

10243 

10253 

10258 

10299 

10317 

CAS I 101-68-8 

ATTACHMENT 11 

lNDEXED LIST OF COMPLETED STUnIES 

Ben~ene, l,l'-.ethylenebis[4-iaocyanato­
Hethylenedi-p-phenylene diisocyanate 
4,4'-Methylenebia(phenyl isocyanate) 
MDI 
4,4'-Diisocyanatodiphenylmethane 

TITLE 

Aquatic life study Phase II, Step 2, AccU11Ulation of TD!, MDI and their 
reaction products in Daphnia. 

TD! and MDI 1-llunological studies. SumDary report of research supported 
by the International .Isocyanate Institute. 

Aquatic life study Phase II, Step 1. Biodegradation of TDI and MDI in the 
110del river and marine water. 

Ko~tality among workers exposed to isocyanate&. Feasibility Study. 

Sub-chronic (l~ week) inhalation toxicit-y study of polymeric MDI aetosol 
~n rat~ (part 82) 

Ecotoxicity of Toh.enediiaocyanate (TD.Cj 
Diphenylmethan~diisocyanate (MDI) Toluen~iifla!ne (TDA) 
Diphenylmethanedi.aaine (MDA) 

Aquatic Life Studies 

Production and control of breathable MDI aerosole for primal experillents. 
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lll NUMBER 

1(1360 

10386 

10391 

103J3 

10439 

24298 

CAS I 101-68-8 

ATTACHMENT #1 

INDEXED LIST OF COMPLETED STUDlES 

Benzene. l.l'-methylenebis[4-isocyanato­
Hethylened1-p-phenylene diisocyanace 
4,4'-Hethylenebis(phenyl isocyanate) 
MDI 
4,4 1-Diisocyanatodiphenylmethane 

TITLE 

Generation of 4,4' D1phenylmethaue Diisocyanate {MDI) vapour 

Pharmacokinetic& of MDI after inhalation exposure of rats to labelled MDI. 

Skin sensitization by isocyanates. 

Study of the burning characteriPt!cs of isocyanate chemicals. 

Di-IsocyanatP Induced Asthma - Reactions to TOI. MDI. HDI and Hisamine. 

Acute Inhalation T~xicity {LC50) in the MalP. Albino Rat. 
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lll NUMBER 

10010 

10012 

10013 

10014 

10019 

10024 

iOOjj 

10034 

lOC.35 

10040 

10044 

10045 

10055 

A1TACHMENT 11 

INDEXED LIST OF COMPLETED SlUDIES 

CAS 11321-38-6 
Benzene. diisor.yanatomethyl-(unspecifjcd isomer) 

TIIlE 

Liquid waste dfter TDI/MDI decontamination. 

Literature Study on Reaction of lsocya~ates with Biological Materials. 

Repo~t on fire hazard of Isocyanate chemicals. 

Report or. fire hazard cf Isocyanate chemicals. 

Aquatic life study phas~ ! I. step 2 Accumula~ion of TDI, MDI, 
TDA and MDA in fish an~ their tox!c!ty. 

Tolylene dJ-Jsocyanate three week inhalation toxicity in the ra t . 

Stack F.nission Part B 
Emitted TDI Gas Treatment with Activated Carbon. 

Stael; Emission Part A 
Emitted TDI Gas Treatment with J.ctiv"ted Sludge. 

The toxicity ar,d carcinogen:!city to rats of Toluene Diisocyanate vapour 
adJainistered by inhalation for a period of 113 weeks. 

React ion of TDI with water and with wet sand. 

Emis11ion of Tolylene Diiaocyanate (TOI) and Tolylene Diamine (TOA) in 
fle:dt.le polyurethane foam product.ion lines. 

E.":litrnlon of Tolylene Oiisocyan.1ce (TDI) and amines. 

Prepa:-att.on and evaluation of a syst;em for exposing rats to Toluene 
Diisoc.yanate vapour. 
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III NUY.BER 

10057 

10064 

10074 

10075 

10089 

10092 

1~94 

10095 

10096 

10098 

10100 

ioa6 

ATI'AC.HME?iT 11 

INDEXED LISl OF COMPLETED s·.i:t'DIE~ 

CAS I 1321-38-6 Benzen2, diisocyanatomethyl- (unspecified isomer) 

TITLE 

Evaluation of a system f?r exposing hamsters to Toluene Dii~ocyanate vapour. 

A study of the diff us 
system. rate of TDi L, r11ts contaminatcl v.ia the resp!rator1 

Investigations on the ~icrobial d~gradation of PU foams. Part II 

Respiratory sensitivity ~tudy. 

Studies of Toluene Diisocyanate induced pulmonary diGease. 

Biological action of TOI and l-IDI .ln water. 

Foam plant stack emission dAta. 

StaLk Emission Part B : Emitted TDI Gas Treatcient with Activated Carbon 
"Regeneration of Spent Activated Carbon". 

Stack Emission Part A : Emitt:ed TDI Gas Treatment with Activated Sludge. 

!pidem.iological study for effects of TDI. 

Histc~;athologicAl observations on selcr.t2d t!.ssuec. of syrian hamstern expCJJJed 
by inhalation to vapors of Toluene Diisocyanate (TDI) for 6 hours/day. 5 days/week 
for 4 weeks. 

Review of t:he 1ncidenr.e of rhinitis in cate exposed chronir.ally to Toluene 
Diisocyanate vapour. 
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• 111 NUMBER 

10117 

10121 

10129 

1011.2 

10153 

10159 

HJ162 

10163 

10168 

10169 

10175 

10184 

10187 

AITACHMENT 11 

INDEXED LIST OF r~HPI.ETF.D STUDl;~s 

r.~.s I 1321-38-6 Benzene, diisocyanatomethyl- (unspecified isomer) 

l'ITLE 

Review cf the national toxicology program carcinogenesis bioassay of 
Tol•Jene Diisocyanate. 

Toluene Diiaocyanate (TOI) proposed exposure standard. 

lmcunC': o;;L·al aspects of lsocyanates. 

Toluene l>iisocyanate acute inhalation toxicity in the rat. 

A 30-day repeated tnhalatfon toxicity study of Toluene Diisocyanate (TOI) 
in labon.tory animals. 

The fate of Toluene Oiisocyanate. 

Epidemiological study for effects of TDI. 

Validaticn of HCM 4000 personal monitor and MCH 4100 integrating reader/recorder 
ayatem. 

Sllllllll4ry of work carried out en fE-A-14 III - l by R. Sakurai and co-workers. 

The toxici ty and carcinogenicity to rats of Tol\lene Oiisocyanate vapour 
ad12ainistered by inhalation for a period of 113 weeks. 

Eahsion cf Tolylene Diisocyanate (TOI) and Tolylene Oiamine (TOA) in 
flexible ~olyurethane foam production lines. 

Immunolor,ical stud ies on TOI exposed workers. Part I. 

Isocyanate& : Irritation and Hypersensitivity. 
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!II NUMBER 

10206 

iowr 

10210 

10223 

10233 

10234 

10237 

10243 

10258 

10259 

>_Tl'ACRMENT #1 

INDEXED LIST OF COM!>LETED STUDIES 

CAS # 1321-38-6 Benzene, diisocyanato1Jaethyl- (unspecified isomer) 

TITLE 

Aquatic life study Pha~e II, 3tep 2, Accumul ation of TDI, MDI and f~ei· 
reaction products in Daphnia. 

The Toxicity ~nd Carcinogenicity to rats of ToluPne Diisocyanate vapour 
administered by inhalation for a period of 113 ~-eks. Addendum Report. 
Vol. 2. 

The Toxicity and Carcinogenicity to rats of Toluene Diisocyanate vapour 
administered by inhalation for a period of 113 weeks. Vol. I 

TDI and >DI immunological studies. Summary r~port of research supp,rted 
by the In·:ernational Isocyanate Institute. 

The Toxici ty and Carcinogenicity to rats of Toluene Diisocyanate vapour 
administered by inhalation for a period of 113 weeks. Addendum Report 
Vol. l 

Aqu~tic life study Phase 11, Step 1. Biodegradation of TDI and MDI in tile 
model river and marine water. 

Isocyanate monomer in PU foam. 

Mortality among workers exposed to isocyanates. Feas1'.:lity Study. 

Ecotoxicity of Toluenediisocyanate (TDI). 
Diphenylmethane•Hiaocyanate (MDI) Toluenediaminc (TDA). 
Diphenylmetha:aediami ne (1'fTIA) 

Sampling and Analysis of TDI atmosphere3 at Klinikum Grosshadern, Munich. 
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Ill NUMBER 

10299 

10307 

10308 

10321 

10340 

10345 

10348 

10349 

10382 

10383 

10391 

10393 

ATTACHMENT 11 

INDEXED LIST OF COMPLETED STUD IE~ 

CAS I 1321-38-6 Benzene, diisocyanatomethyl- (unspe~ led isomer) 

rrnE 

Aquatic Life Studies. 

Studies on the effects of TDI on living anlmals. 

Change of TDI in olive cil. 

Improveuaent in RAST for TDI. Parts A and B. 

Audit of the national tor.icology program carcinogenesis bioassay of 
~oluene diisocyanate . 

Isocyanate spillage control. 

Immunological Studies on TOI e ;..posed workers Part II. 

Isocyanate hypersensitivity. 

The toxicity and carcinogenicity of Toluene Diisocyanate n•r'-''-"' whet· 
administered to mice over a periort of approximately Z ye1.arb. Summary •·. -.i i.. . 

The toxicity and carcinogenicity of Toluene Diisocyanate vapour when 
administered to mice over a period of approximatel y 2 years. 

Skin sensitization by isocyanates. 

Study of the burning characteristics of isocyanate chemicals. 
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III NUMBER 

10416 

10430 

10433 

10434 

10431 

10438 

10435 

Ali'ACHMENI' Ill 

INDEXED LIST OF COMPLETED STUDIES 

.CAS 11321-38-6 Benzene, diisocyanatomt?thyl-(unspecified isomer) 

'TITLE -
Sampling and analysis llf TDI atmospheres st Kliniku111 Grosshadern, t:unich. 

Protective effect of drugs ,ol! late asthmatic reactions and increased airway 
~esponsiven~sa induced by Toluene Diisocyanate in sensitized subjects. 

The reactions ·Of OH radicals with Toluene DUsocyanate, Toluenediamine,, and 
Methylene Dianilinc under simulated atoospheric condit.ions. 

Metabolism and disposition of 14c-labeled Toluene Diisocyanate (TDI) follow­
ing oral and inhalation exposu>:e ; Preliminary studies. 

Toluene Diisocyanate-Induced Asthma: Bronchial Provocation and Reactivity Studies. 

Toluene Diisocyanate-Induced Asthma: Inhalation Challenge Teats and Bronchial 
Reactivity Studies. 

Di-Isocyanate Induced Asthma- Reactions to TDl, MDI, HDI and Histamine. 
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III NUMBER 

24207 

CAS I 91-08-07 

ATI'ACHMENT 11 

INDEAED LIST OF COMPLETED STUDIES 

nzene, l,J-diisocyanato-2-lllf!thyl 
TOI, 2-6-ditsocyanate 

IITLE 

Disposition of 2,6-Toluene Diisocyanate in Fibcher 344 rats 



ATI'ACHMENT #2 

COMPILATION OF REPORTS FROM Ill FILES 
(AS INDEXED IN ATI'ACHMENT Ill) 

These r~ports arc in envelopes labeled Attachment #2 and are packaged, along with an envelope , 

addressed to: 

from: 

Docun:cnt Processing Center (TS-790) 
Office of Toxic Substanc:es 
Environmental Protection Agency 
401 H Street, S.W. 
Washington, D. C. 20460 

Attent.ion: 8(d) HEALTH and SAFETY REPORTING RULE 
(REPORTING) May 1, 1987 

International Isocyanate Institute , Inc. 
119 Cherry Hill Road 
Parsippany, New J~rsey 07054 

containing a transmittal letter for these documei:ts. 



III NUMBER 

E-A-8 

E-H-44 

ATTACHMENT i3 

INDEXED LIST OF STUDIES lN PROGRESS 

CAS I 101-68-8 Benzene, l,l'-methylen~bis[4-isocyanato­
Methylenedi-p-phenylent diisocyanate 
4,4'-Methylenebis (phenyl isocyanate) 
MDI 
4,4'-'Diisocyanatodiphenylmethane 

TITLE 

Study of chronic toxicity and carcinogenicity of pol}'llleric MDI 
aerosol in rdts. Part C Study. 

Current work authorized to begin June 1985. 
To study chronic toxicity and carcinogenicity of pol}'llleric 
MDI aerosol in rats. Data sought - Effect on animal tissues. 
Our current estimated completion date for this study is the 
first quarter of 1989. It may be possible to complete this 
study before 19~9; howe~er, it may require more time. 
CIVO Institution, tno., Toxicology and Nutrition, Utrecatsewe 848, 
P.O. Box 306, 3700 A.J. Zeist, The Netherlands. 

MDI sampling and analy~is at CIVO 

Current work authorized to begin November 1984. 
To study consistency/comparability of various methods continuous/ 
discontinuous for determining the compJsition of atC10spheres in 
Study E-A-8 (Part C) above. Data sought - Analytical data on 
polymeric MDI aerosol atmospheres. 
Our current c~timated completion date for this study is the first 
quarter 1989. It may be possible to complete this study before 
1989; however, it may require more time. 
CIVO Institution, Tno., Toxicology and Nutrition, Utrechtsewe 848, 
P.O. Box 306, 3700 A.J. Zeist, The Netherlands. 



• Ill NUMBER -
E-B-11 

ATI'ACHMENT #3 

INDEXED LIST OF STUDIES IN PROGRESS 

CAS I 1321-38-6 Eenzene. diisocyanatomethyl- (unspecified isomer) 

TITLE -
' of workers in U.K. flexible foam industries. 

Current work authorized to begin Mid 1978. 
To investigate whether working on flexible Pu foam manufacturing 
plants gives rise to increased expectation of decrements in lung 
paresmeters above those due to ageing. 
Data sought - cionitoring of exposed workers' and controls' lung 
para:iieters. Monitoring of airborne TDI (and on limited scale of 
tertiary aliphatic amine) in the workplace. 
Our current estimated completion dat.e for this study is the 
f .trst quarter of 1989. It 1DJ1y be possible to complete this study 
before 1989; however. it may require more time . 
Tynestead Limited, Tynestead House, 22 Camberley Drive, Bamford, 
Rochdale. Lanes. OLll 4 AZ, UK. and Medical Research Council, 
20 Park Crescent. LonJon, UK. 

-1-



III NUMBER 

FE-AB-14 

ATTACHMENT I 3 

· INDEXED LIST OF STUDIES IN PROGRESS 

CAS I 1321-38-6 Benzene, diisocyanatomethyl- (unspecified isomer) 

;l'ITLE -
Epidemiological study of workers in Japan flexible foam industries. 
Phase V. 

Current work authorized to begin August 1985. 
To clarify relationship between TDI concentration and 
chronological change in pulmonary and respiratory symptoms 
of workers in PU foam plants. Data sought. 
Monitoring of exposed workers' and controls' lung parameters. 
Monitoring of airborne Tur in the wo~:kplace. 
Our current estimated completion date for this btudy is the 
first quarter of 1989. It may be possible to complete this 
study before 1989; however, it may require more time. 
School of Medicine, IV!io University, Shinjuki-Ku, Tokyo, Japan. 

-2-



Ill NUMBER 

E-E-22 

E-AB-40 

ATTACHMENT I 3 

INDEXED LIST OF STUDIES IN PROGRESS 

CAS I 1321-?8-6 Benzene, diisocyanatomethyl- (unspecified isomer) 

TITLE 

Clean Stack Air Project 

Current work authorized to begin March 1980. 
To study ways in which TD! Emissions from flexible foam 
plants can be removed from exhaust gases by carbon 
absorption. 
Data sought - Concentrations of TD! at inlets and outlets 
of carbon absorption units. 
Our current estimated completion date for this study is the 
first quarter of 1989. It may be possible to complete this 
study before 1989; however, it may require more time. 
Dunlop (Now BTR, Silvertown Hou e , Vincent Square, London, UK. 

An investigation into the mortality and cancer morbidity of 
production workers in the UK flexible polyurethane foam industry. 

Current work authorized to begin July 1987. 
To compare the mortality and cancer morbidity experience of 
production workers in UK flexible foam manufacturing plants with 
those of unexpcsed controls and of the population at large, and to 
rleteraine, if appropriate, possible reasons for differing experiences. 
Data ::.:>ught. 
Comparative Data on death and illness due to cancer, analysed statis­
tically. Data sought. 
The expected date of termination of project is intl~terminate since 
it depends on results found at different interva: ? . The first 
analysis will take place 1989. 
Cancer EpideaiC1logy Unit, University of Birmingham, Edtbaston, 
JUnaingham UK. 

-3-



Ill NUMBER 

NA- E-24 

NA-AB-26 

AITACHMENT #3 

INDEXED LIST OF STUDIES IN PROGRESS 

CAS 11321-38-6 Benzene. diisocyanatomethyl- (unspecified isomer) 

TITLE 

Fate of airborn TDI (Part II) 

Current work a~thorized to begin May 1984. 
To deteraine the fate of airborne TDI and the effects of moisture, 
light. and atllOspheric pollutants on TDI loss from the gas phase. 
Our current P~t:i&ated completion date for this study is the first 
quarter of 1989. It may be possible to complete this study before 
1989; however. it may require more time. 
Battelle Columbus Laboratories. 505 King Avenue. Columbus. Ohio 43201 

Detecting delayed isocyanate sensitivity. 

Current work authorized to begin May 1, 1987. 
This research is being conducted to better detect delayed isocyanate 
sensitivity in persons exposed and/or sensitized to isocyanate~. In 
1986. H. Karol's work was directed towards identi!ication of 
isocyanate-specific lymphocytes by class. 
Our current estimated completion date for this study is the first 
quarter of 1989. It aay be possible to complete thiq stu.ty before 
1989; however. it may require more time. 
Dr. M. Karol. University of Pittsburgh. 130 Desoto Street. 
Pittsburgh. Pennsylvania 15261 

-4-



III NUMBER 

NA-AB-43 

NA-AB-50 

ATTACHMENT #3 

INDEXED LIST O!" STUDIES IN PROGRESS 

CAS #1321-38-6 Benzene, diisocyanatomethyl- (unspecified isomer) 

TITLE 

!Jzrprovement of RAST tests for TOI 

Current work authorized to begin May 1, 1987. 
This research is being conducted to improve RAS! (Radiolabeled 
Antibody Sorbent Technique) test for identifying exposure and 
sensitization to TDI. Additional mechanistic work on TOI 
sensitization is being conducted by Dr Brown. This includes 
studying proteins in TOI exposed animals. 
Our current estiaated completion date for this study is the 
first quarter Gf 1989. It may be possible to complete this study 
before 1989; however, it may require more time. 
Dr W. E. Brown, Carnegie-M~llon University, Pittsbui~li, Pa. 15261. 

TOI Reprotoxicity 

"The lcratolo3y stuc.ly was initiated in t:hc 4tla <iu.irtcr of 1986. 
The reproductior. :.: tudy was initii.ted in the 2nd quarter of 1987. 
This project evaluates both the "Developmental Toxicity of Inhaled 
TDI in CD (Sprague-Dawley) Rats" and "Two-Generation Reproduction 
Toxicity of TDI in CD (Sprague-Dawley) Rats." 
Our current estimated completion date for this study is the first 
quarter of 1989. It may be pos$ible to complete this study before 
1989; however, it may require more time. 
Dr T. W. Tyl, Bushy Run Res~arch Center, RD #4, Mellon Road, Export, 
Pennsylvania 15632. 

-5-



.. . ... .. 

'· . 

o EPA•OT• 

H 1111 lllll lll ll Ill I II 
DD02916D:?K 

SAYER ~G, ~everkusen 

G!:. 'ER;.Tro1; A::D MO. ·rTOR!!'JG OF E?.E.P.THAB::.E .t-.EROSOLS OF 

POLY!·'-£ RIC 4 , ~ - DIPHEJ:\YU-:ETnAKE- D!I SOCYA.~ATE {MDI) 

:11 Proiec~ 

Part A: 

Author: 

Par-=. B: 

Author: 

Co· ~uthor s: 

Augus~ ~ r:; .. _, 

Generation and Phvsical Monitoring 

of Breathable Ae:osols 

D:. A. Bilrkholz, ZE IN-AP VT , 

Analytical Mo:iitor i~g 

Dr. P . Vogtel, ZB FE-OZA 

Dr . A. Bilrkholz 

Dr. J. Keller, ZB FE-D 

1980 

1002-z_ 



• .. 
- 2 -... .. . .. 

List of Con~ents 

Page 

Introduction 3 

Summary Part A 5 

Sumrriary Part B 7 

Report Part A 9 

Figures 29 

Tables 43 
. . 

Report Part B 46 

Tables 60 

Figures 67 

Appendi:K 

f . -



- 3 -

Generation and Monitoring of Breat.l-iable Aerosols of 

Polyrreric 4 ,4 - Diphenylrret.~e - Di.isocyanate (MDI) 

I.I . I.-Project EA 9 

Introduction (by Dr. F. Bruchhagen) 

'!'he International Isocyanate Institute Inc. (I.I.I . ) is planning a 

long te..~ inhalation toxicity study oo an:Unals with MDI in order to 

c-_ssess whether this product may prese.'"lt a long term health hazard 

.::.nc "'nether it may have a carcinogenic potential. Toluene diisocyanate 

(TOI , is subJect of 2 long tenn I.I.I. sp:nsared studies of this type 

smce 1973. The test animals in the first investigatioo were rats; the 

exporure period was fl!li.shed by end 1978, the final report will be 

available in due time. Mice were the test spec! •s in the seccnd study 

wh.:c.~ i.s still going en. 

The concentrations ,...hosen for the TOI exposure wcre o.o5 and o. 15 pµn 

(a o.35 and o. 1o5 rrq/~ ) . These values which are well atove the actual 

TIN co.o2 pµn A o. 14 rrq/m3) were regarded to be low enough not to cause criti­

cal acute or subacute toxic effect oo the test animals. The doses oo the 

other hand were c:cr.sidered to re sufficiently high to denm.strate loog 

tenn effects others than those known to the present "*1.ich have been 

gai."led fran the mcreasing handling of mr eve .. - the last 3o years. 

Th realtive.ly high vapor pressure of TOI allows the vaporisatiO'l of 

the product by heating in order to obtain the concentrations mentiooed 
arove. MDI oo the other hand ~.'e to its low vapor pressure cnl.y allows 

a maxim;,.:, vapor caicentratioo (at rcx:xn terrq:>erature) of o.o6 - o . oq FPn 

~ o. 6 - o. 8 rrq/m3 to be produced. It is obviOuS that this level (CCJ':­

centration of saturated wapor) can ooly be obtair.ed under favorable and 

carefully controlled ci:ccumstances. 

It has w be assumed that the coocentrati.:rl to be chosen for the 

loog term MDI-sti~dy will be of th same order as for TOI. It is 

therefore necessary to produce a CXXlcentratic:rl al:ove the saturaticn 

poi.'"lt by atanizing th MDI to particles \rbich e breathable (0.3 -

3.o µti diameter). 



.. - 4 -

Care nust be taken that the conce."'ltratian of MDI in this fo:rm is in ., 
the order of 1 m;/m-. 

Tr.~ LC So data Il1.1St be known in order to establish t:.a para:neters of 

a long 'term inhalatioo study. l't has to be expected that the cc:ncen­

traticri of MDI to produce 3n LC 5o 1 h value is in the order of 300 m;/rn3. 
A breathable aeror..::il of this concentration has therefore to be provided 

also. 

A research proposal by Bayer '/JG dated March 1,1979 outlines the various 

steps to be made to fulfil these tasks. The proposal became subJect of 

t."le I . I. I. project FA 9 - MDI Aerosol generatioo dated Aug. 9 , 19 79 • 

The following report describes the ootca1e of this investigation. Part A 

(Author Dr. A. Bilrkholz, ZB lN - AP vr 1) descri.005 the generatioo and 

the ?'lysical ITO'litori.ng of the aerosols. Fart B 1A11thar Dr. P.Vogtel, 

ZB FE - DZA Analytik, Cer-c.uthors f'!". A. BUrkholz and Dr. J. Keller) 
presents the dab v.hl.ch resulted fran the analytical nonitoring. 

As car. be seen fran the reports the aerosol generaticri \oilClrk was 

concentrated oo p:>lyrreric MDI (llqui.d at roan terrperature). '!he analytical 

ITO'litoring was focussed 01 the aerosols in the low ccr.centratlCl'l regioo 

which was coosidered to be of. prll'l'lalJ' inp:lrtance. 

It i.s to be mentiooed that many une.xpacted irrplicatials and difficulties 

prolooged the duratioo of the stuey. 'Ihis also lead to a CCl'lSiderabl.e 

lncrease of the ~t in relati.Cl'l to the l:udgeted sum. 
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Sumnary 

Generation and Monitoring of Breathable Aerosols of 

Polymeric 4.4 - Diphenylmethane ·· Diisocyanc;te (MDI) 

Report :Part A: Genera ti on and Physical Monitoring of Aerosols. 

Preliminary experiments were carried out U"ing a subs ti t.ute liquic 

ha\'ing atomizing properties very similar to those of polymeric MDI 

{Desmodur 4" \' 20, Bayer AG). Due to the heal th hazards to be ex-

pec tee <:in MDI aerosols, an open-air facility was specially construr. ted 

for the implementation of the experimen~ with this procluct. During 

these studies the waste air was cleared from aerosol par·ticles to 

a large extent by means of a highly efficient filter prior to being 

discharged in to the a tmosµhere. 

T'wo-canponent no=z.les using air or nitrogen as the prcpellent proved 

the most. suito.ble for generating aerosols fran liquid substances. 

However, different generator types must be used for high and low 

concen t.r-a tions. Concentrations of 1 mg/m3 can be achieved with a 

variety of inhalation atanizing nozzles with narrow bores for liquid 

and propellant. Two or three type 970 nozzles made by the Sehl.ck 

e;anpany have to be canbined for generating concentrations of 300 mg/m3 . 

Sepcu·ation of the coarse particles ( > 3 ,i..ro) cen be accanplished with 

the aid of soecially designed c.yclones. It proved unnece.ssary to treat 

the entire airno\.T of 300 m3 /!1. The cyclones can be rather posi ticned 

directly downstrearr. of the atanizer nozzle. thus pennitt.ing a canbi­

nat1on to fonn a single unit. The amount and fineness of the aerosol 

depend not or.ly on generator design but also on the pres:sures of the 

propellant and the liquid. Dle temperature of the liquid and the 

atanizing nozzles has an innuence also. 

The cyclone type and the air throughput are factors Whicl1 determine 

the separation of coarse particles. The necessary atati::lng and 
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separa t:i.ng condi :.ions had to be determ:i.nea by means of an appropriate 

series c1f tests. 

Experience was gained on maxi.mum atanization duration for the MDI 

of apprcximately 4 .1ours for too low concentrations, and approxi­

mately 15 minutes for the high concentrations. Correspondingly 

larger supp~y tanks will h~ve tc be provided at a later date for 

extended ataniz:i.ng periods. 

Moni tori:ng of the aerosol, i.e. measuring its f:i.neness, 1 ts par­

ticle size distribution and l ts concentration, was accomplished 

with the aid of a cascade impac tcr. This :i.ns trumen t perm:l ts the 

aerosol to be fractionated by s!zes, collected on small glass 

plates aiid subsequently weighed on a semimicro bala~ce . 

Scattere1:l light measur:i.ng equipnent is most suitable as Il'lonitor:i.ng 

equipnent fo'!" long-term experiments. Of the three equ mt types 

tested tlie Royce 225 unit proved to be the best, having the capa­

bility of :i.nstantaneously and reliably 5.ndicat:i.ng any malfunction 

or chan~! in aerosol genera ti on. 

The analytical monitor:i.ng of the aerosols after collectic1n by means 

of cascacle impactor, was performed by g:-av:tmetric an ysi.s. 

The resiclence time of the aerosols in the :i.nhala tion cham.ber to be 

used late·r in the long term inhalation study was s~:ited by a 

residence chamber of similar dimensions. Physical monitoring at. the 

entry and the exit of this chamber confirmed that dur:i.ng the resi­

dence period (approx. 10 min. l no physical change occurs vn the 

aerosols. 
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Sunrnary 

Ge."1eration and M:initoring of Breathahle Aerosols of 
Polymeric 4 ,4 - Diphenylmethane - Dil.Socyanate (MDI) 

Rep::irt Part B: Analytical 1't:rlitoring of Aerosols 

'!he S81Ti'ling for the analytical nonitoring of the ccncentratioo and 

of the chemical stl'.bility of the generated MDI aerosols was dcl'le by 

collection with the cascade ~ and in ccnventiooal manner with 
llTlpinger-washing-oottles, evacuated gas-pipettes and glass-sintered 

C-4-filters. 

'lhe evaluatioo after collecting with the cascade-inpactor was dale: 

physically by weighing the. dep:>sited masses and analytically by 

dissolving them in 0:14 followed by quantitative IR-Spectroscopy. 
Additional assurance was gained by determinat.ial of the '10:-value 

(total organic carb::::n value) of the dep:>sited masses by canl:ustl.Crl. 

At intermediate ccncentraticns (5-So m;/ m3) analytical values lie 

2o ' belC1.o.' gravilretric values with the difference augrrenting to So ' 

at low caicentratiai.s ((5 m;/rn3). 'lhe reasoos for these differences 
were studied and discussed. Within the so given range of error the cas­
cade iltpactor may be used at intermediate and low c::cncentraticns to 

l'l'C"nitor the aerosol ccncentratioo. However this is related to a c::cn­

siderable expense in ""10rk and ti:re. 

'lhe effectiviness of the direct sanpling methods was satisfact.ary ~y 
at the interrredi.ate ccncentrat1cns. At low COlCent:rati.a\s it fell 

dcM:'l to 10 - 2o '· '!be reascns of this were discussed. It is possible 
that they are ca.used by a shifting of the center of gravity of the 

particle s i ze d.istrihlt.ial fran atout 1. 6 pm at interrn!diate coocentra­

tials to ii.bout o.8 F' at low cc:ncentraticns. 

An indepen&!nt coiparisa"l of the results ~ by measurenents 
with the cascade ilrpa<.."'tor to those obtained by ~ect serrpling i..I 

only possible at i:itermediate CCl'lCentratiO'l.-;. For the same reascns 
no reliable and fast clirec:t analyticAl method for m:xUtaring the 1 m; 
range is available at the nanent. 

'lhe chenica.l stability of the aerosol was studied at the entry and the 
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san;>ling follawed by exclusiai chranatography (GPC), thin layer chrana­

tography (TLC) and high perfonnance liquid chranatograi;by (HPIC) after 

derivatisation -if the Isocyanate groups with N-4-nitro-benz.yl -N-pro­
pylam:ine and IR-spe,:troscopy, canpleted by special tests en formation 

of a..-anatic amil1es and Ph! enrichment in th~ a~e, no change 

between original MDI, the port.loo separated in the cyclooe and the 

aerosol could be observed. Therefore it can be C01Clu&d that no chetU.cal 

change of the aerosol occurs ~ing its transport and residence in the 
air. 
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Part A 

Genera tioo and Physical Monitoring of Breathable Aerosols of Polymeric 

4,4 - Diphenylmethane - D~isocyanate (MDI) 

Author: Dr. A. BUrkholz 

Description of Objectives 

Inhalation experiments on animals i-equire an aer-osol of size 0.3 to 

3 pm. This size range was est:iblished by the canpetent technical 
I 

ccmnittees of the I.I.I.; it marks the so-ca..i.led alveolar range of 

particle deposition. The particle concentrations should be approxi­

mately 1 mg/m3 breathing air for the long-term studies (2 yP.ars with 

5 days per week) and approximately 300 mg/m3 breathing air for the 

short-term studies (one hour). 

According to a tel ex tran Dr. D. Clark• dated 15th January 1979, 

ttie volume of the inhalation chamber will be 1 O m3 and the volume 

flow 5 m31min. Tilus, all ae~osol concentrations 3.re to be referred 

to an air now of 300 m3 /h. 

It was our task to develop and test techniques for generating, 

measuring and monitoring aerosols of suitablf' MDI substances, 

uh1le canplying with the data stated above. 

(Literature dealing with the definitions and problems of particle 

inhalation and deposition is cited under ( 1 , 2 , 3 ) • 

2. Test chcmi~s 

In order to avoid possible harm to laboratory persamel all pre­

liminary test! were dooe \.Ii thout using MDI. So for all atanir.ation 

tests to determine suitable nozzle units and the necessary atanization 

•0r. D. Clark, Shell, j.s Chairmen of the 1.1.l. Ad Hoc Ccxmiittee 
to prepare the MDI lQ'lg term inhalation study. 
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conditions, an oil as a substitute liquid was used (compressor 

oil V 100, viscosity at roan temperature 300 cP, density 0.89 g/cm3 J. 

The viscosity vs. temperature of the polymeric MDI tested (Desmo­

dur 44 V 2J, Bayer AG) is ::;hown i.'1 Fig. 1. 

The material has the following specification : 

NCO - cor.tent 

Total chlorine 

Hydrolysable chlorine: 

Sediment 

Phenylisocyana te 

30 - 32 % 
0.8 % max. 
0.3 % nm.. 
1 % max . 
0.01 % max. 



- 12 -

3. _?xperimental Set-Up 

3. 1 Test Rigs and Heal th Precautions 

In view of the dangerous nature cf certait. aerosols, special 

measures had to be taken in order to el:imim.te the possibility 

of dange.~ to laboratory staff. 

The regulations (4) published by the International Isocyanate 

Insti~ute were observed with respect to general saf~ty precautions. 

Since it was impossible to work beneath a hood due to the large 

dimensions of the equii:xnent, a special open air test rig was set 

up. The air hac to be controlled and atccnization had to be accan­

plished in such a way as w prevent aerosols and spray escaping 

to the outside. The waste air (300 m3/h) was discha!"'ged above 

roof level after passing through a filter. The filter selected 

garantees separation of the maJor part of the fine aerosols. It 

would be recomnendable to us~ the same type of filter for subse­

quent an~al experiments. ; .. ~ aeroso: generc.t.0r was located in 

front of the open end of an approx. 8 m long miXing line of 

15 cm ,tiameter. A fan was used to suck ambient air into the pipe­

line to act as the carrier gas for the aerosols. The sampling 

points for the aerosol samples and the measuring point for the 

air speed were located uprtream of the filter. The structure is 

shown in schematic form in Fig. 2. 

In order to study the chemical stability of the a~rosols, it 

later proved necessary to pa3S th aerosol now through a"residence 

chamber" simulating the animal expo e chamber to be useo in the 

long term animal study. The chamber consistec' of a WOOden frame ard 

plastic sheeting, having the dimensions 2 .:x.2 x 1. 7 m3 ::.: 7·:m3 . If the gas 

throughput is varied approximately, this chamber can be used to 

achieve residence time equal to or greater ~"lan those in the planned 

chamber of 10 m3 capacity. The chamoer was located at the end of 

the mixing line . A schematic diagramD of thi..~ set-ur> 1.s given in Fig. 3. 

For all atanizatioo tests to determine suitable nozzle units and the 

necessary atanization conditions, the substitute liquid as described 

under 2 was used. Test runs with this substitute liquid were done in 
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the laboratory using a test-rig very similar to the one shown 

in FigtJre 2. Later, a static mixer was added to this unit to 

study t he possioilities of feeding the re~idence chamber with 

a hanogeneous aerosol by eliminating the use of prohibitively 

long mixing tubes. 

Generators for Liquid Aerosols 

P:"ior Selection of Sui table ~ne:rators 

Table 2.1 in (5) provides a slmmary of all the methOds of atani­

zing liquids which are open to ct:>nsidera tion. Experience has shown 

that both spinning disK atanizer:s and also one-ccmponent nozzles 

(3 ) yield a droplet spectrum whic:h is too coarse. In principle, 

ultrasonic atanizers (6) are suit.able for producing fine aerosols. 

However, according to information provided by a manulacturer (7) , 

the ultrasonic atanizers available on the market are restricted 

to aequeous liquids, since more viscous oils (MDI has a viscosity 

of approx. 300 cP ) absorb the second energy. We wet·e, therefor-e, 

of the opinion that two-canpon~nt nozzles would be most suitable. 

Table 3 in (8) provides a st:nmary of ccmnercial two-ccmponent 

nozzles. Hc,wever, the information provided there is inadequate 

for selection of the most suitable uniUI, and a systematic tes'.. 

of all units was impossible for c:ost reasons . Detailed information 

was found 1.0 one ccmpa.'1y prospectus ( 9) • Subsequently this genera tor 

has been crdered and tested oo a loan basis. Unfortunately, it did 

not canply with the r"~uirements imposed. Therefore, the majority 

of the work had to be concentrate1c on testing and adapting the 

n~zzle units available in our own laboratory. 

It proved impossible to obtain a variation in the aerosol concen­

tra tioo at a ratio of 1 : 300 "'!'ro3 oo the same unit merely by 

changing the atanization parameters. Thus, different tr.mizing 

nozzles had to be provided for thie high coocentration and for the 

low concentratioo. 
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Generators far Low Concem:.ration!> 

Modified medical inhalation nozzles proved to be most suitable for 

generating aerosol ccncentratiom1 of about 1 mg/m3 with droplet 

sizes 3tJm. Fisure 4 shows thetr structure. Propellant gas is 

blown through a central pressure line to blow against a bracket. 

At each side of the bracket therei is the end of a suction line 

through which the liquid is drawn upward. The aerosol eroer-~s 

sideways fran the head piece. The· housing and nozzle insf;rt are 

made of stainless steel in order t.o exc/~ue the ,ossibility of 

corrosion. 

The a.~ount of fineness of tbe generated aerosol depend not only 

on tne atanizin0 J:'"'Operties of the liquid, but also on thl' pro­

pellazit pressure and the width of the bores. 

G~nerotors ~or High Ccnce.~trati~! 

It proved extremely difficult to generate sprays · smaller than 3 jJm 

in concentratioos of 300 mg/m3• A type 970 nozzle made by the &hlick 

canpany ( 10) 1.ppe~red to be most :suitable. When using this nozzle 

a certain pressure must be built up above the l:.quid. For this purpcse 

a pressure vt .... l was made fran whi~h the 11.quid i~ passed via a 

hose to the nozzle. The pressure :Ls bull t up via a gas cylinder. The 

amount of liquid being atanized can also be influenced by changing 

the gao width at tiie nozzle. 

The structure is sh~Tl in sct:oematk form in f.!.!:.__2. Two nozzles were 

canbinerl into a single unit; most probably a thre~-nozzle canbinatioo 

has to be ~rovided for subseq~ent toxicological stJdies. 

Separat ion of Coarse Particles> 3 i!:!!l-

Every a~.zing process produces not only the ."'ine drop.ii" ~t also 

moN =oarse droplets. If an aercsoJ. < 3 pn is required, the .,)l!l"Se 

portioo must be reu;oved. 
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~1 pri,ci~le, i~ is ~ossible to pass ~he int~re air!:.ow of ~c~ m~/h 

thr~~sh a suitable separato!"'. The separator sho~:c requ1re ~, :..n~~u:r. 

o!' mc.inte .. ,a.,ce a"lc should be easy to clean. Fu!"'thermorc, it snould 

not leac to clof ;. Cyclones woul~ appear tc· be r.iost suitat:le for 

tt:~s purpose. \·er 1 the pressure dro~ crea tee iri -.he cyc:ones 

woulc, curing s ;iC'n operation, cause an excessive vacuum in the 

i."lnaJ..suon chamber. ':'nus, it appears better to separate the coarse 

portio:i directly in tht atani:.ing glow, 1.e. c1rectly dcrwnstre~~ 

o~ the generator, if at all possible. 

Separators for Low Concentrations 

we consiaered i best to use a small cyclone fo~ separating the 

coarse portior.. Ir. an extensive series of measur~ments, the best 

lay-ou~ and required operating conditions of the -:yclone were 

deterrtined. Fis. ~ shows the structure L'1 schematic fonn. The outlet 

o!' the nc:::.le is connectec to the tangential inlet tube of the 

cyclone. ,. hose emerges in the adapter, through wnich supply air 

cGr. be f~c in fran a nitrogen cylinder. Tile fine aerosol departs 

!ran tne cyclone th,.,ou~ the axial ?Xi t tub<· "nd is transported 

by ne carrier air into the mixing lin'?. The droplets separated 

in ':he cyclone c:re collected in a flangemcunted vessel which is 

proviued with a arain. 

By "arying the air supi:--Y, the separation characteristics can 

also be changed 1 i.e. the fine.'1ess of the droplets spec tru1., at 

th cyclone outlet. 

Seoarators for Higti Concentrations 

When u~.ing the Schlick nozzles, both the pr:>pellant air volume 

and also th!: amount of coarse spray are considerably higher than 

for the nc.z.zles for loi.: concentrations. The dimensions (>f the 

cyclooe must be correspondingly larger . .!J:.e!tre 5 shows its 

structure n sctrneatic form. The two nozzle~ are accanodated in a 

tangential inlet pipe of & cyclon . There is a connection for the 
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supply air on the exi~ tube. The supj)ly air ensures a .s:ight vacuum 
in the cyclone, su~king a little ambient air alongsiae the nozzles 
so that no spray ca~ escape to the outsiae. This ambient air and 
ator:1zing air together tran.:;port the fine spray via the exit ... ube 
~o the ~ixing line, wne~eas the coarse spray runs ao~ througn the 
cyclone. The amount of coarse spray is relatively high at this 
stage, but the cyclone is capable of retaining this qua"lti ty. 

Measurine a~c Monitoring the Aerosol 

7he generati0!1 of an aerosol having a specified concentration and 

oarticle size distribution requirea a great number of aerosol 
~asurements, most o!' which were accanpllshed by means of casr:ade 
impactors. Light scat tering instruments were also used in parallel, 
these having been hireo from the manufacturers. 

Cascade lr.ipac tor + ) 

In this process, a vacuum pump sucks a measuring gas flow of approx. 
5 l / min via a sampli.."lg probe and throuc;h a cascade impactor. The 
sampling time is determined by the aerosol concentration, generally 
being fran several minutes up to 2 hours. The amo1mt of gas sampled 
is monitoreci by a gas meter. 

In the cascade impactt'r, the aerosol droplets are separated by size, 
being aeposited on small glass plates. The leanet attached to this 
report incluoes an illustration of r.he unit and a schematic drawing 
of the separation process. In more detail this irlpactor is described 
in ( 15) • The mean droplet sizes of the fractior1s are known fran 
calibration measu:·ements. The amounts deposited must not be more 
thr.n a few milligrams, the weight being determined by weighing 
on a sensitive balance. The deposit weight and sampll.ng volume are 
used to calculate the aerosol con~entration in mg/m3. 

+)See leaflet in appendix. 



- 17 -

Tne ajvant.age of the cascade impactor over other, counting measuring 

equipment, is that direct masses and not particle counts are measured. 

Limitations of maximum concentrations of aerosol or dust particles 

which are set for occupational hygiene reasons a'1d for environmental 

are r~ferring to masses ana not counts of par1.icles. In addition, 

sepa .,at.ton is accanplish-?d in accordance with the aerodynamic par­

ticle diameter. as is primarily the case in the lungs. 

Since the aerosol particles are collected in the cascade i.mpa::or, 

they ca'1 subsequently be further examinea. The amounts collected are 

only in the range of a few milligrams, but are generally adequate 

for sensitive analytical studies • 

.!:1_ Lic:ht Scatterina Instruments 
During long- t.erm experi.roents with aerosol concentrations of 1 mg/m3 , 

sampling ':.ll t; of approx. 2 hours are required in order to obtain 

·.1eighatlt ~l:..l'lts in the impactor. Therefore, it woula be recc:mnendable 

to u~e a mtnitor with instantaneous indication for monitoring in the 

aerosol flow. In principle, scattered light measuring equi;:roent is 

suitable for this purpose. However, at a level of 1 mg/m3 and par­
ticles be~en 0.3 and 3 pm, such equipnent is already working at 

the upper 11mi t of its counting capacity. 

It came out fran discussions with four manufacturers (11, 12, 13, 14) 

that they were unable to provide any binding garantees as to the 

suitability of this equiPJX:nt. Therefore, it was necessary to carry 

out tests under the corresponding experimental conditions. The 

equipnent of canpanies ( 13) and ( 14), was made available for a rental 

fe'!. 

Light scattering instruments are planned for the loog-term experi­

ments, in order to be able to cootinuously monitor the constant 

fineness and concentration of the aerosol . It should, \...,erefore, 

permit inmediate indication in the event that any nozzle should 

beccme clogged . The instrument., draws in test gas frcn the measuring 
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line via a probe element, transporting the gas intc a measuring cell. 

The measuring cell is illuminated by a sharply focused light beam. 

Each individual particle struck by the light beam in turn scatters 

lignt which is then collected and analyzed. The l.ntensity of the 

scattered light pulse is dependent on particle si::.c. The instrument 

prints out the results in the form of numbers of particles contained 

in a certain prescribed measured volume and lying within certain size 

ranges. 

The following three equipment types were tested: 

Manufacturer Type Price (approx . ) Size ranges 

™ 

Kontron 200-6 20.000,-- 0,5 - 1 - 2 - 5 - 10fJ!D 

Royco 225 30.000,- 0,3 - 0,5 - o, 7 - , ,4 - 3 pm 
Royce 226 40.000,- O, 1 to 6, 1 pn ( 16classes) 

The Kontron 200-6 and Royce 225 each have 5 measuring r· ",~s for 

particle size, sane of which ca be varied. Tr"' Royce 226 '5 a 

laser unit on which the particles are classified l.nto 16 ; ·--eset 

size classes. All of the units have their own suction pump and are 

provided with printers. 

A calibration curve for the Royce 225 counter .s given in Fig. 6. 

Perfonnancf'! of the Atanizing Expe,..iments 

Atanizing Experiments with tl1-' SUbstitute Liquid 

Low Concentratia'l8 
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Measurements with Cascade Imoactor 

A large number o~ ato.nizi.rig experiments was requ~ rec in order to 

fil io and test suitable generator' layouts. Each at:mizing experiment 

was accan~anied by aerosol analysis with the casca~e impactor. 

The problem involved with low concentrations was that of obtaining 

an adequately diluted aerosol of the r~quired fineness. For this 

purpose, the bores in both the suction lines and also the pressure 

lines.of the spraying nozzle were varied in the range fran 0.5 

to 2 nm. The propellant gas pressure was adjusted between O. 5 3.nd 

10 bar. In addition, the air supply at the cyclone separator was 

also changed. Figure 7 shows a number of size distributions of a 

nozzle having 1 mm bores; these canply w1 th the requirements 

both with respect to the amount ( 300 m3 /h) and also the fineness 

of the aerosols. The curve gives the mass percent.ages of the 

d. ... oplets above reference droplet size. 

5. 1. 1 .2 Measuremenl.S with Ligl1t Scattering Instruments 

s. 1. 1.2. 1 Relationship Between Particle Counts 

and ~erosol Concentrations 

Ligh':. scattering instruments have different maximum counting rates. 

In order to te."t the reliability of the indication at 1mg/ m3 , the 

particle counts were measu~ed as a function of aerosol concentrations 

and canpared to the impactor values. 

For this purpose the atanizing nozzle was set to an aerosol con­

centration (substitute liquid) of approx. 1 mg/m3 in an airnow of 

300 m3 /h. Under constant atanizing conditions, the airnow was 

then gradually reduced to 200, 100 and 50 m3/h, meaning that aerosol 

concentrations or 1.5, 3 cmd 6 mg;m3 were corl"'espondingly generated. 

The measured particle counts have been canpiled in Table 1 in uni ts 

of 103 . If the measured values are referred to the -;;t values 

obtained by extrapolating the particle counts for 300 m3/h, the 

corresponding percentage figures are obtained. The particle counts 
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refer to 280 ml for the Kontron and Royco 225 units, and to 1000 ml 

for the Royco 226 unit. Practically no particles gr-eater than 3 pm 
were measured. 

Where "o. r. 11 is stated for the Kon trcn unit, this means over range , 

i.e. an excessively high counting rate. This occurs in the,.. 0.5 pm 
channel eve."l at 300 m3 /h, the higher channels also becaning in­

volved at 50 m3/h. The Kontron unit is therefore unsuitable for 

use as a Monitor. 

(A'} the o:her hand, the two Royco units indicate particle counts in 

the range 0.3 to 3 pm which are roughly proportional to the aerosol 

concentrations. Surprisingly, the particle counts below 0.4;mi do 

not increase with increasing aerosol concentration, but decrease 

instead. Thus, a higher aerosol concentration and a l onger resi­

dence time in the mixing line. have the effect of increasing the 

degree of agglcmeration of ~ smaller particles. At the same 

time, the proportion of la.-g~r particles increase! disproporti­

onately rapidly due to absorption of the smaller particles. 

The particle counts and sizes can tie used to calculate the aerosol 

concentrations. In Table 2, the values of the Royco 225 are cao­

pared to the value obtained fran impactor measurements taken at 

the same time. The concentrations determined by light scattering 

measurements are 20 - 40 % below the impactor concentrations. 

Pro~bly the main reason for this is the difficulty involved in 

determining mass distributions on the basis of count distribu­

tions. Fu .. thermore, according to Fig. 6 1 the Royco 225 unit has 

a range between O. 7 and 1.4JJ!l where there is no clear relation­

ship between measur ig signal and particle size. 

In figs. 8 and 9, size distributia'lS of aerosols measured with 

the light scattering instJ'\.IDents are canpared with results of 

the cascade impactor. CU.rves are again cumulative weight % oversize. 
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There is a fairly good agreemen~ in size distribution between the 

different methods. However, wnen counting data are used to calculate 

aerosol concentrations, these values account for only aboJt 30 ~ of 

the values obtained by weighing the impactor deposits. Al though there 

are several approaches to explain this difference a definite inter­

pretation is not available to date. Certainly the pro~lem must be 

sought on the light scattering instrument. This that calibration 

is needed in case the light scattering instrument is used for coni­

toring the aerosol concentration in the inhalation chamber. 

Static Mixer for the Aerosol Flow and the Carrier Air 

When entering the inhalation cage, the aerosol now rrrust have been 

mixed caopletely with the carrier air now, because the test animals 

would otherwise be exposed to va:ying concentrations. In our experi­

ments mixing \.r.l.S ensured by using a pipeline of several metres length; 

during the inhalation tests to be implemented at a later stage, it 

is possible that this pipeline may not be applicable for reasons of 

space. In this case, it will be necessary to use a static mixer. We 

tested a mixer manufactured by the Sulzer COmpany of Winterthur 

(Melapack). For this purpose, the aerosol distribution was measured 

over the pipe cross-<1ection at a distance of 1.6 m frao the aerosol 

generator, measurements being accao;:lished both with and without 

the 0.34 m long mixer. 

Figure 10 shows t.'l)e particle counts (referred to 280 ml, as in Figs. 11 

and 13) measured with a Royce 225 unit as a functioo of the distance 

fr-an the pipe wall. The diameter of the pipe is 200 Dll'l . The abscissa 

is a time axis, there being approx. 1 min between each of the measuring 

points. 

If no mixer is used, the particle count.s shows considerable temporary 

variations, particularly at the pipe '41.ls. On the other hand, the 

particle counts are remarkably constant and equally C11.stributed if a 

mixer is used. 



5. 1. 1.2.3 

5. 1.2 

5.2 

5.2.1 

- 22 -

Effect of Pressure on Atomization 

The great effect of the proper ant pressure on atanization was 
already established during previous experiments with the cascade 

impactor. For example, without using a cyclone, 3.8, 18 and 12 mg/m3 

were measu:-ed with the impactor at pressures of 2, 5 and 7 bar. The 

particle counts measured in the Royco 225 CO'..mter for S~P-by-step 

pressure increases have been enterea in Fig. 11. Again, a drop is 

noted at 7 bar. Nevertheless, by changing the atallization pressure, 

it is possible to vary the aerosol concentration by at least one 

power of ten. 

High COncentrations 

Numeroll.! experiments also had to be carried out with the SChlick 

nozzles in order to determine the optimum atanization conditions. 

It is possible, for example, to change the gap width of the nozzles, 

propellant gas pressure and material pressure being varied v.1. thin the 

range of up to 10 bar. The dimensions of the downstream cyclons and the 

supply air volume also had to be varied. By canbining two SChlick 

nozz.l.es with a maximum gap width and using the atanization parameters 

stated in Fig. 12, it was again possible to generate a suitable · 

aerosol. 

Atanizins Experiments with MDI 

Having determined the optimum atanization and separatioo cooditions 

after a lenghty experimental stage, experiments with MDI were ~tar~--d 

Low Concentrations 

Monitoring of MDI-Aerosols of low coocentrations was dooe with cascade 

impactors and 11.gh~scattering instnmlen~, often using both devices 

in parallel. 

When atanizing MDI on th~ open-air ~1 te, the temperature variatio:'l.S 

due to the innuence of weather cond1t1oos had to be tak-en into ccount. 
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It was taken care that the temperature of the MDI in the nozzle was 

subsequently measured by mea"ls of a thermoc.:>uple. It was observ1,,;J in 

one ca.:>e that ourir.g approx. 1 hour the tt::mperature dropped fran 13"c 

to e0c and the concentration fell to roughly half the original level. 

It is obvious that the reason for this change is the increasing vis­

cosity of the MDI. 

The effect of temperature on the a~rosol concentration is sh~ in 

Fig. 13. To obt.ain this dato thP. MDI was slowly heated during atani­

Vitiai fran 10°c w 4o0c. The part .. cle increa~e lies between 1 and 2 

powers of 10. For ~n~ ~nhalation study it is important that oepending 

on the temperature of the test rOCXll the aerosol @:'Cnerc.tor has to oe 

kept at a C')nstant temperature. When the temperature is constant, a 

constant size spectnn:n c.iver time is also ob~in~c\. 

Thus, the temperature of the aerosol generator on our open-air measu­

ring f acility was kept constant by means of strip heaters, thermo­

couple and temperature controller. It may be recamiendoible to use a 

Thermostat for the long iern study. 

The filling volume of t.he nozzle should be adequate for 4 - 6 hours 

of operation. Clogging of the bol"'es did not occur. However, since MDI 

can react with moisture of the air, the nozzle must be carefUlly 

washed out with aceta'le and clean~d carefUlly after each cycle. Cylin­

der nitrogen shOuld be used as the propellant for the same reason. 

Fig. 14 shows size distribution curves measured with the cascade 

impactor . Atanization data and concentrations are also noted. 

In Fie. 15 the distribution curves of the Royce 226 unit are canpared 

with those of the impactor. The light scattering curve 1" shifted 

into the fine range, the concentrations being approximately only 10 4' 
of the values measured in the 1m ctor. During an inspection of the 

unit by the supplier, it was found that the unit was no longer con·ectly 

focused. If the distributiai curve is corrected to that of the ca.~de 

impactor, concentratiais amounting to approx. 30 of tl'ie impactor 

values are obtained. As already mentiaied before the ex.act cause of 
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this difference is not known. 

The course of the distribution curves also shows that the particle 

sizes are almost completely re::.tricted to the range from 0.3 to 

3 ;um, i. e . that. t.hey also have a bot tan limit. 

The above mentioned deviations have oo influence on the suitability 

of light scattering equipnent as monitoring systems. In principle, 

both of the Royco units are suitable for this purpose. However, our 

experience showed that the 225 appeared to be more sturdy. In the 

search for possible sources of error, the weighing equiJX!)ent was 

also checked. Thus , for example, canparison measurE.ments were made 

using an equivaleflt balance in a different laboratory department. 

Furthermore, NaCl aerosols were generatea and collected in the im­

pac tor. The NaCl deposits were studied both gravimetrically and 

analytically. All of these studies confirmed the reliability of the 

l.Illpactor method and of gravimetry, 

However , it must be kept in mind that sampling of very low concen­

trations with t.he cascade impactor and subsequent weighing of the 

deposits requires caref\ll handling. Since the sampling now is set 

to 0 .3 m3 lh, it needs a sampling time of more than 3 hours to collE:ct 

the amount of 1 mg out of an aer-osol of 1 mg/m3 • This onount of 1 mg 

is again subdivided in up to 10 deposits oo the 10 impa.ctioo stages. 

The precisioo of the weighing process must be fairly better than o. 1 mg, 

In additioo, the MDI-deposiui r.d."lere firmly to the glass plates and 

must be washed off very carefully. 

When measuring very low aerosol concentrations, the result ca.., be 

further falsified by the collection of dust whose presence in the 

ambient air canno-:. be fUlly excluded. So, when performing aer ol 

sampling w1 th the cas::ade impactor for analytical studies (as s ­

cribed in Part B), the amount of dust in the u.r ::"lad to be determined 

by a secood cascade impactor. 'this sampling was done either outside 

the test or at the entry of it. ~~t caicentrations measured at six 

different da~ ranged f?"an 0, 16 mg/m3 IJP to 1 .6 mglm3 . 
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Measuring dust concentrations with cascade impactors is very tedious 

and can be done much more easily by light scattering devices. 

Intermediate Concentrations. 

Sampling at Entry and Exit of Residence Chamber. 

In connection with the analytical studies described in Pa!'t B, it 

was desirable to work with higher concentrations than 1 mg/m3• This 

ca be done by t'JJO different approaches: one can reduce the air flow 

in the test tube or one can adapt the aerosol generator to higher 

yields. Both measures were taken, so that aerosol concentrations 

could be produced ranging i'ran 1 to 60 mg/m3 . In the test riE; used 

tc date, the aerosols were only exposed to ambient air for a few 

seconds prior to being collec t4!d in the measuring device. HO' ... ·t"ver-, 

the mean resioonce time in the inhalation chamber plan1"led for later 

use : _.. 2 mins. It was for this reason that the test rig was connected 

to the residence chamber; as c!escribed in 3. 1 . during the associated 

experiment, the aerosol samples were UL<en upstream and downstream 

of the chamber. The results of the experiments have been canpiled 

in Table 3. 

The 2nd column states the air volumes sucked through the cabin. These 

yield the mea;;1 residence times of the aerosol stated in the 4th 

column. 

samplin 

Columns ~ 

behind the 

in the 3rd column are sampling t imes. All 

eater than the residence times. 

the absolute amounts of MDI sampled before and 

d ce chamber as determined by weighing the impactor 

plates. Columns 7 and 8 give ccncentratia'ls of the aerosol when 

entering and leaving the chamber, calculated fr the value of 

col\mlns 5 and 6. Both coocentrations correspond fili."lY well, the 

differences being mainly due to experiment.al scatter. So there seems 

tc be no noticeP.ble lo!'s of aerosol in the chamber. Results of ana­

lytical mad.SU."."'ements will be described in part B. 
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High Concentrations 

When producing high concentrations of MDI aerosol, the Schlick 

nozzles were sometimes blocked after a short time. Clogging of 

the nozzles due to solid impurities in the MDI on the formation 

of solid reaction products was obv:i.ously the reason. 

In order to remedy this situation , filters were installed in 

the feed line frac the supply tank to the nozzles . Furthermore, 

the MDI was warmed and filtered prior to heing filled into the 

supply tank. 

The large propellant gas throughput in the Schlick nozzles also 

caused a noticeable te!Ilperature drop which increased the viscosity , 

thus reducing the atanizatioo rate. It was for this reason that the 

supply tank was heated. 

Figure 16 shows an a~rosol size distribution measured with the 

cascade impactor which .complies with the fineness requirements. 

The amount atanized or the cone tion is highly dependent on 

the temperature of the MDI. If a za ti on :Ls to be accomplished 

at roan temperature, a third nozzle must also be used in order to 

atta.~n 300 mg/m3• 

Having taken the above measures, it was possible to ataniu the 

entire coo tents of the supply tank without the occurrence of 

clogging. However, w1 th a supply tank capacity of 1. 2 l, this 

took approximately 10 minutes. A correspoodingly larger tank 

will have to be provided for future work. 

Caiclusions 

The investigaticns described in this part of the report have 

shown the possibility to generate and monitor an aerosol of MDI 

in coocentration.s of ca. 1 mg!m3 and ca. 300 mg!m3 and w1 th a size 

distributioo ranging fran 0.3 to 3 pn. By ~arying the atanization 

parameters 1 t is al.90 possible to generate eros9ls of intermediate 



- 27 -

Before pla"lning the final set-up for the inhalation experiments, 

tbe test capacities a.nd the test equipment of the institution to 

run the tests must be known. lbere are some more points, e.g. 

deionisation of aerosols which shou.111 be cisC'..lssed. Sane of the 

equi~ent can be bought on the market (e.g. cascade impactors, 

light scattering instruments). 

The design of the equipment to be constructed for the toxicological 

study, the technical assistance to be made available during the 

planning a"ld construction phase and during the performanc:e of the 

first runs in the laboratory of the toxicology contractor should 

be subject of a new contract. 
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Bild g : Vergleich der Aerosolgrof3enverteilung der Ersatz-
flussigkeit gemof3 Kaskadenim~aktor und Streu­
lichtgerat Royce LAS 226 
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Table 1: SUbsti tu le liqui d - -· o,t. : over: ranye 

Particle counts n = (x 1o3) at dlfferenL aeroool concentrations. 
O = air flow lhruup,J1 leu l. r ig. 
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-1 

o,J - o,5 ~.~ 9~ o,12 )61 o,a5 
' . 

o,S - o,7 o,6 ~-) o,2J 195 o,o9 
o,7 - 1,4 1,o 190 o,J5 55 11>, 12 ' ..... 
1,4 - 2,o 1-7 121 1,12 . 26 o,2J , 

' '>·2, o 2,o 0 0 0 0 . 
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Total -V•' 1,92 o,49 

Aef,:mf"."cQlCentratioo . . . 
by,~~ 
iw'· - . 

2,J . o,8 

Table 2: S...bstl lute liquid 

J 
., . 

Canpari.soo between the ~rosol coocentrations obtained with Ule Royco 225 
(measuring volt111e 280 cm ) and the impactor 

n = particle COlDlts (x 103) at different.aerosol concentrations . ... 

: 

D I"' -.. 

,, 



·2> C) 

, f Q t residence t~- T~tql ae~l deposit mg ~~eQ~•tioo or aero~ol 
- J in chamber entry exit mg/m 
Dat:e '- • /h min •in · entry · exit 

.... 

18.).lo loo ll2 4,1 o, 72 o,62 l,J7 1,24 

2i.i.eo 66 15 6,o 4,oo 4,So 60, 7 62,S 

24.J.Bo loo 12o· 4,1 2,lo 1, 7J J, 78 l,lo 

28.l.So loo 120 4,1 o, 70 o,68 1,42 l,2J 

l oo 120 4,1 o,91 o,47 1,65 o,85 

1.~.0o 67 15 · 6,o J,61\ J,48 53,6 So, 1 

67 16 6,o J,41 3, 35 47 15 46,o . 
lo.4.Bo loo 5o 4,1 1,65 1,56 6,"/J 6.'27 j 

O = air flow Uv-ough test rig. 
r 

Table 3: tl>I - C<Jl:parisoo of aerosol concentrations at entry and exit of the residence chamber. 
OravJ..-rrlc me~nts - Cascade 1.mpactor. 
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Part B 

Analytical M:::rutoring of Breathable Aerosol£ of Pol}'meric 

4,4 - Diphenylmethane - Diisocyanate (MDI) 

Author: Dr. P. Vogtel 

Co-authors:. Dr. A. BUrkholz 

Dr. J. Keller 

1 • Analytical Plan 

MDI aerosols in sizes ranging fran o ,3 - 3tm' and at ccncentratl.OOS 
between 1 rng/m3 and 3 oo rng/m3 were generated by atanization (see 
part A aerosol productioo). The rraiitaring and caitrol of the aero­

sols took place p.Jrely i=tiysically by smrpling using tht! cascade 
~ and graVl.ml!tri.c analysis of the deposited masses. 

'lb analysis \obich was carried oot parallel to the necessary deve­

loµnent w:Jrk had tw:::> tasks. The first involved securing the graVi­
metricly determined caicentrat.ioos by independent methods. On the 

oo hand a p:ocedure was developed which using the lnpactor as a 
•mtpling insuument enabled an analytical investigatial parallel 
to the c;raVinetric detex:minatial of the material depo9ited oo the im­

pacter plates (infrared &f*:Uoscopy, detex:minatioo of total carbon 
by canrustial). ~ the other hand a rre~ for the deteminatioo 

of the caicentrat.1.0n independent fran the cascade inpactor and 

ap;>lying a dl.rect sanpling with related ysia (ilq:>in wuh1ng 

lx>ttle aksorpt.ial, evacuated gu pipettes , sintered glu• "'iltera) 
had to be developed.Applyinc] these techn1 qu t1ons such u the 

deptndency of stripping effects during the in{lact.or aanpling ai 

ca>centratials and asipling times should be carparatively llnS'4t"ed. 

The aoc::cnd · task invol wd an invutigatiai of the chemical s'tabi 1 1 ty 

of the NII'0901 generated 1n order to cx:nf 1.nn the identity of the 

aerotlOl inhAled with that of the material atanized. In ~~tirn to 

the qnantitatiw uaertials required to the pruent a aet of C'Otr' 

plenentary analytic&l rrethodl wu Wied to C\able a Cll&l.itatiw dm­
criptial o! the totAl K>I 1ystern. 
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'Ihe ~imit.s and poss~bilities of the individual methods are to be 

investigated and represented. 

2. Characteri:zatioo of MDI-survey of the analytic methods used. 

MDI can be ch.aracten.zed 1:7,' several typl.CaJ. parameters for "4U.ch 

det:erminatioo, different chemical and physical properties of the 

MDI material are made use of. 

'n'lree ma.in parmneters are regularly quantitatively deteDnineC.. 

2. 1 Total caitent of isocyanate groops: t itrimet::ically 1:7,' react.J.oo 
with dihltylamine in chlorobenzene and Dack titratioo with HCl, 

results in \ ta> (M-4 2) 
typical value for MD!;3o \. 

2. 2 CCl'ltent of JtO'l arer ic MDI and distril::utial of the K>I isaters , 

CCl'ltent of three nuclear CXJtp:uent: 

gaschranawgrai:hicall.Y (chranatogram see fig. 1). 

2.3 Phenylisocyanate CCl'ltent: guchranatograt=hically (chranatogram see 
fig. 2), alternatively TI.!: or HPI.C after derivatizat.ioo using N-4-
nitrobenzene-N-propylmnine-Nitroreagent-(chranatogram see fig.3), 
typical CCl'lCentratl.O'l < 1 oo pan w/w. 

further possibilities exist ~ besides dete.tmlning Sll19lc! para­
neten allOlll collecti va properties of MDI to be measured M 

/ finger­

prin .. 1
• ~methods are arranqed. according to increasing qual.i­

tatiw ch.aracter1%1ng infoz:mat.ioo of the tot&l. iaocyanate system. 

2. 4 UV spec:trOscOpy: aver :1 v&lue for the tot&l. aranatic system. 
(itf*!U\1'11 fig. 4) 

2. S t'IV-VIS apectrollcOpy: dependent oo the N:O c::ctltent and poai tial 

of the ~. ~ps are 1eidly hydrolysed, tlW'l d1aZcr 

tized and c:cupled '/J-nAf.httJ 1) and the carr~ azo-dyestuff 

~tr1.cally &ittc:mined (*f*!U\a'O ._ ~ig. 5). 

2.6 'Ihln-Layer-Ou:anatograpiy - nit:rorugmt: M)I c::ctlt:slt Cld .ua.r 
diatrihlt.ioo, fingerprint of the total. M:>I (chraoatogrmn a• fiq.3). 
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2.7 High Pressure Liquid Chranatograµiy - nitroreagent: MDI ccntent, 

fingerprint of all isocyanates {chranatognm see fig. 6). 

2.8 Exclus100 chranatograftly: MDI cx:Jntent, MDI oligarers arranged 

according to m:>lecular 'Weight (chranatogrs1 see fig. 7). 

2.9 IR spect.roscopy: N:.'O ccntent, fingerprint of the tow MDI, 

specific infonnation oo the follc:Ming grrupings: 

-C-0 in the uretd.i.one ring 

in esters 

in urethanes 

in the uretaumine ring 

in all~tes and biurets 

in ureas 
-C-N-ir. the l.SOcyanurate ring .· 

in the '.lI'etdiale ring 
in the ure'CQ'limine ring 

2270 - 2240 on-1 

2140 - 2120 " 

1780 - 1760 " 

1750 - 1720 " 
1720 - 1700 .. 

1720 - 1710 " 

1730 - 1700 " 

1660 - 1640 " 
1420 - 1405 .. 

1385 - 1375 " 

1380 - 1360 " 

{spectrum see fig. 8 - fil.Jn -, fig. 9 - solutioo in C:Cl4) 

3. Q.?.antitative Measurements of the Jtierosol 

3. 1 Sartf>ling using the cascade inpactor 

'Ille cascade ~..or was set up as the ssrpling :im.trunent for 

the caitrel of the aerosol cax:entratim. nw determ.inatial took 
place by ighing the masses deposited oo the 1rrpactor platelets. 

This method for deteiminatial of CCJ'\Centratial 11, ~, 

unspecific. In order to exclude the poesibility of error the 

gra,rinwtric analysis shOuld therftfare be further analyticaJJy 

cupport.ed. Infrared spect:roacopy wu the method chollen { 2.9). 

These rrmasurementa "4!rt· made at low (5 r:JJ/m3> and intenredi.ate 

( 5 to 100 rrq/rn3) C'alCtl'ltratialS. After weighing the plateletD with 

the dep:>sited K>I they ware w.ahed and reweighed. In the a:14 
90lutl.al a quantitative detenuinatial of MDI wu carr~ oot and 
the values correlated. 
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Table 1 shows for example sane of the results obtained in this 

way, in ~ich knowledge and experience gained fran previous ex­

perilnents found ai:plicatien. 
For ccncentraticns al:ove al:o.lt 5 m;/m3 the analytically and gravi­

metricly determined values agree to within 2o ' of each other. For 

smaller ccncentraticns the deviatiCl'l inc:re..&Ses up to 5o '· 

'!be relative increase in the deviatial can be expla1ned by errors 

~ are ccnstant and independent of t.~ aerosol c::au::entratial. 

'lhe errors are made in the detenninatial of the absolute masses of 

the material deposited en the pliatelets by weighing them or by 

detemining the MDI lil the 0::14 soluti.Cll. Fer an inpact.or series 

(1o platelets) differences of o.o6 to o.6 m; of MDI absolute be­

tween gravimetric and IR analysis are to be expected. 

This is caused by igh.ing errors, analytieal errors and reduced 

findings due to partial reactial of the MDI en the glass platelets. 
'Ibese le.ad to 10 \ derivatiCll at J.nt:etnmdiate cx::ncentratials 
(measurement en 3/5/Bo (6, 7 resp. 6, 1 mg), and So ' at lOiriler c:ai­

centratioos (o, 7 resp. o, 33 nq) for the me.a.surenent en 3/3/So). 

'Ih1s is ouUined by table 2 \lb1ch shows the results of tw:> mea­
surements at different aerosol ccnoentratioos. To give a better 
ilrp:essial ~, results arti clivided into 3 gro.ips. 

A. further. ccnf irmatial is prov~ by ad.11tiaial experilrents in 

\tt11ch MDI directly dep:lsited en the glass platelets, then 
after difterent standing ti'tlBB (sinulat.ial of different smpling 

tilres) cliasolveO 1n 0::14, foll~ by quantitative K>I-determizut.ial 

by IR-analysis. An influence of the at.anding time and of the ~ 

lute masses deposited has not been foond. '!'he differences lil the 

absolute anamt of MDI by grav:Unetry and analysis are of the &&'II! 

order of magnitude as in the previous invutigatiena, table 3 a. 

Weight incr es by water uptake "'1.1c:h 'tOlld have been c::caoaivable 
could not be establ.1.alw:1. 

It can be cx:incl~ trau the ~ of tM al»olute differenc. 
(mg) mtween gravimatry and analysia fran am:oeol ccraintratial8 

end to a oert&1n d99r• tran the aaq>linq times that the am:oeol 
after being deopoaited ento 91.aaa plataleta rtmairi.a to a great 
ext.nt ~. 1'he diff~ juat 1DS1t.icrwd are C'a''"" by 

the wxking methcd chOllen (w!.1h1Z>g clitfc•~, d1etolvinq off 
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fran t."le glass platelets, interact.ials 'Wit."1 the glass surface). 

An additicnal. assurance of the analysis took place by carrying out 
a secaid analyt1cal deteI1ninaticn in which the material deposited 

an the glass platelets was l:l.lrned in a w&thoff apparatus; the 

total carbon content deteI1nined and expressed in teDns of MD.L. 

Interference due to foreign dust particles (organic or inorganic) 

can be detected in this way; "'1eighing errors being excludei:S. 'Ihe 

results for boo series of readings (low and internediate CCl'lCerl­

tratials) are sumnarized in table 3 b. '!ile agreanent between the 

analysis hes o here in the same range as the measurement pr~ 
cl.Si.al 10, 2 o,5 m:; al::solute derivat5..al per iDpac+"...or series) in 

this way CCl'lf irming also the IR analysis and the graVir.letric r~ 

sults. 

'lhe ~ me pled with gravinetry can therefore be 

applied wit."Un the a:cx:--·~ mentia1ed error limits for the Ita'\itoring 

of aerosol CXJ'lCel'ltraticns. It sholld also be noteci, however, that 

the time and \la:'k to be spent is CXl'lSiderable. A repeated analytical 

assurance in the .nanner descril::led 1.a necessary, in order to ex­
clude errors due to external influences (dust, smut). 

3.2 Direct smrpling 

Smpling using a cascade :iJrpactor is 1.nd.irect, first of ~ 

a depositial takes plac:e and seccn:lly a transferoperat.ial is 

necessary for the tenninatia'I of the ~it.ad material (dis­

solVJ.ng c.ff of the anple before rewe.ighil'lg in the case of 9I"•vi­

netry, dis lving in 0:14 for the IR ana.lysis) . IXlring the smq:>lin9 

the sanple is unprotected to the aurrrunding air. In the 

case of direct ling(wuhing t:ottle al::aorpt.1a1 with different aol-
vents, with and Without derivailiat.ial , gas pipette sanpling, N:tpling 
with sintera'! ;Jlau f ilters) llific:ult errar-cauaing ~anafer ope­

ratials nor l.alqer' exist. 'lbe amtple:s sre ~ in 90J.uti.al 

and/or by dt.rivat.i:zatirn. :hsni.c-&l. char>')• &lrinq the ampl.ing 

prcu:sa ara e.ithm: not or extreaal.y limiteily possible. In 

can of sutstances capabl of undf!l'.901ng a ruct1al the direct 

•mti>ling can tharef ore Aid to ~ ncre bet inf ocma-
tiU'l than that \ib1ch U poeai.Dl.e by 1ndirect ampl.1',q. Probl.llDs 

of aartple volatility r.o lalgeJ:' exist. 
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For this reasoo direct sampling was carried ou~ in a series of 

tests parallel to the cascade irrpactor measurements. '!his pro­
ceeded with 

- Midg~t in'pinger washing botUes manufactured k1;,' the Bendix catpany 

and perscnal air sarrpling i:unps of the same manufacturer (flow 

rate 2 l/min) the following fou."'\d applicatial as absorption li­

quids: 

a) toluene/nitroreagent (s. 2.6) 

b) 0:14 (s. 2.9) 

c) H2S04/timethylsulfoude (I:MSO) (s. 2.5) 

- Evacuated 5 l gaspipettes washed out lltrnadiately after smtpJ.ing 
with 25 ml toluene/nitroreagent solutim. 

- G 4 sintered glass filters (pore size 10 to 2o~, manufactured 

cy Schott, Mainz). 

'lbe results are sumnarized in table 4. 

Ca>centratial values obtained cy direct sant:>ling lie signif 1.canUy 

lower than the values obtained using a c:a.scade iltpactar. For inter­

rrediate coocentrat-.iens 7o - 8o t of the gravimetr1.cal.ly detennined 

quantities are till foond. For ccn::entrat.ials under 3o m;;m3, hc7tt.-­

ever, agreement tween results falls l::elow 2o t to 1o t. 

'lhe anal~l net.hods (IR, OV ,~,TLC) wert checked 01e against the 

other and ocnfil:mad each other (see e.g. table 5). 'lhe r9'i>oed 

find1.nqs can therefore be said to be sul:atantiated cy the ampl.'...'19 

system. sartpling With 1.trpinCJer \llUhing l:ottles is narmally aw~.w 

fer gases er substances Wl.id\ due to their parti.al pressure .ire j4 , 

the gaseous state. An is gianerall.y kr..or.ll the effectiveness of 

such syst.B:ns fer Ml'OSC\l.a is a funct1crl of the particle size1 it 
decreases wit."l decreasing partl.cle ai.ze. 
'lh1s is cm>sed in the unfavourable rel.atial bet! Met surf_,. and 

voiu. of the snail pct1cles and in the high •'Url.ce SC'9Y 

nust be overcane cy amarptJ.al. 

o,3 to 3 m. 'Ihe ~tj:un pert.1cle size ahifta within this range 

with the total Mr090l CC:JIC:Autratial (._ Part A, fig. i4 8nd 16). 

At CXl'l08l'ltrat1CN araind 2 m;/m3 auy ' of me 
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larger than 1,SJJifl and at cancentr.at1cns between 100 to 3oo m;/m3 

60 - 8o '· 

Taking this into considerat.ial a critical threshold value for the 
range of droplet sizes 1 to 2 pm seems to exist \ttlich plays a part 

in deciding the effectiveness of the applied washing l:ottle system. 

'Ibis explains the sanelllhat ncre acceptable effectiveness at 
hl.gher aerosol cancentraticns and the poor effectiveness at low 

cancent.-aticns with an associated higher fractial of particles 

<.1 Po· 

'll'le cancent:rat.1.oo cantrol of aerosols independent of the cascade 

1rrpactar "'4U.ch was a task of the direct smpling co.ild therefore 
not be ac:h1.eved. 

In this c:a.se other methods nust be fo.ind. 'Ihese are d1srussed later. 

'Iba quest.ioo "'*'ether with the cascade inpactOr a strippl1lg effect 
of the deposi~ K>I takes place, can therefore not be answeral 

with confidence (see chapter 3.1). 

A aeccnd task, st:udy of the chsnicAl stability of the aerosols by 

means of direct sarrpling is possible m the range of intetl'l'l8diate 

aerosol CCl'lCel'ltrat.ials. l<ncwledge gained fran this &t:udy can be 

applied to lower c::aioentra~.:l'UI (aee ranarks al the drq:>let size 

di.atribut.ioo oo fig. 14 and 16, Part A) . 

4. Measurerrents at Entry and Exit of the Residence Oumiber 

In the prev1.cm measurments the aei:o.oll remained ally a f ,,_, 

eccnds in the surromd.ing air be.fore smplinq. In the inhalat.ia'l 

chamber forthe animal experimllnt the mean res time (calcu-

la~ fran c:halll:ler vol.urre/totalquantit¥ dI air) mromts to tw::> 

mirl\ttu. In to s irrulate thae cc:nMtiala a residence chsntc 

(6,8 m3) with .,try and exit ldditiaW.l.y l::uilt in. Smplu 

were taken fran the c::hmlber .ntry and exit with the cucade 1nplctar 
' 

4. 1 Inp!ctOr !IMIUr!IJFltl 

see Part A, 5.2.2 
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'l'he analytical values in table 7 are arranged in ccr.parisal to 

the gravilretric values fran part A, table 3 according to falling 

ccncentrations . 'l'he analytically determinahle fractioo in' of 

the gravimetric value is also given. Also in th.is case as already 

discussed in chapter 3, the ag:reanent far values over 2 nq/r-3 is 

satisfactory. At lower CXJ'lcentratials it decreases ccnsiderably. 
4.2 Direct S!!J?ling 

Simples were taken parallel to the llrpac:tor cments at inter­

mediate a.~ low c:cncentrati.oos. Here 3 al:sorptial systems with the 

relevant analysis fOJnd applicatial: 
toluene/nitrareagent follCM!d by 'l!.C, H2S04/IMSO followed by 

}Xlotatetry, O:J..4 folloNed by m analysis. 

The analyt.ic:al findings ccnf ooe aDOther' in this way. 
'n'le results are found in table 7. 'nleY are at intemediate ccrr­

centratials in tolerable agreement. The decrease in the aerosol ccrr­
centratiCl'l established by sarrpl.ing is larger (decrease 2o \) than 
that established by using the cascade ~ ( ~ 8 \). 

At lower ccncentratial.s tl'llft direct smpllng failed. Asserticns oo 

the c:orrelatial of value1 established using the cascade izrpact.ar' 

are therefore not possible. 

5. Aerosol stability 

In the previOus D811.SUr811!nta the quantl.tative aspect fO!" l'ID'li­

toring total aerc.ol CXl'lOBltr tiai .,... the main poltlt of cx:nsi.de­

ratial. By carrying Olt rreasurt11m1ta tnabl.inq a qu.Wtative stat.e-
t Cl'l the am:oeol CXltfX)Sitial it ahol.ld be addit.iooally ucex­

~ that the MDI undergoes no changes during the tine it spends 

in the air. Far the Taxi.cologic&l invat.igaticnl this MCClld step 

'ln.SUX'e8 that the ~ material 1a identical to that havinq been 
atauized. Far this mcperinent a 41rect ampl.ing 1a necessary in 

order to ac~ ~after, "' ~it.icn. With ~e 

effQCtiwneu this 1a ally ~ jcahle at inteJ'lNdiate c::D1C1ntra-
• 

tiala. Aa the width of the ~let size aitrib.ltial (o,3 to 3 pn> at 

high md l.Ol-' CX1~1tr tial 1a ti.cal (ally the omtre of gra-

vity ahifts wi.th.\n the diatril:utioo) Cl extrip:)latiai to lower. 

values 11 al J ~l although a furthc supparting m\&l)'l'il atOlld 

bl iQlde in fu • • 
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s. 1 InformatiO'l CCl'ltent of the analytical techniques 

S.2 

MDI 1.S a carplex mixture of m::rlCl'neric and oliganeric iscx:yanates·. 

'!be qualitative and quantitative descriptial of such a mixture 
using a single analytical µtocess is not possible. 'lbree ~es 

were therefore cxxnbined and specif 1'. individual investigaticns 
applied. '1hese provided besides specific infcmaa.tiO'l in each case 

a "fingerprint" of the total system fran ~ different supple­

nentary in!ormatial caild be gained. 

IR spectroscopy ( s. f is. 6 , 9) sho"5 N:X>-bands as a direct neasure 

fer the stability of the isocyanate groop and besides the typical 

skeleta.l vil::lratJoo pattern a number of char istic single taids, 

~ are also specified and to ~ typical reactials of the ~ 

cyanate-groops, eq. urea fcn::mat.ial (-c-<> in ureas 166o - 1640 an-1) 

can be attrihlted. Besides showing the CCl'ltent of MDI 4,4 exclus.i.Cl'l 
chranatograF(ly shcMs the typical oliganer ar.d p:>lymer distrihltial 

arranged according to increasing nolecul.ar ~ight. Changes due to 

oliganerizatial can be specifically identif 1.ed. 

'Il.C er HPLC after detivatisatial (s. fig. 3) show be.sides the 

CCl'ltent of MDI 4,4 and the distril::utial of its oliganers a 
specific fingerprint. In this fingerprint it a cnly p::lS&ible to a 

l imited extend to identify Si."lC]le species, hit ch.'snges of the 

'lltlele system Wlich will cause additialal spots in the chramto­

gram to ariae can be cl:8er'v9d with high ser.sitivi ty. 

'!be aerosol can be tested fer PhI and aranatic sn1nes (eg. Mli\ 4,4; 
see 1ig. 1o) using thin-laym-chranatograt=hy af tcr derivatisatials. 

Together •:ith the examinatial of the residue ranaining in the cyclme 

the quest.i.Cl'l of ther an enchri.ctllent of PhI 1."l the aerosol has 

taken place can in this way be~. Great care lllllt be taken 

in the testing fer aranatic mnines in order to avoid false inter­
pretatials "4lich can 1ae due to the in situ-faz:matial of aro-
matic mn1nes al ~ plates (acid daxitp:>9itial U,rr s111cegel). 

Alcr>g with the Illrtllcm de9c:ribed in s. 1 W:OllOl ~ti Wire 

caxri-' o.it with and withalt the r..idmnoe chm1::c. '1be resi­
dlnoe t.iw of the W:OllOl in the CEric'-VU 9yst8U "8re of the 
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order of sev'!ral sec:axis to 2 minutes. 'nle smttiling t.llres were 

a~tely 15 minute . 

Identical results were found fr..· ill the investigatiO'ls. Only 

results obtained by . •·, using res '.ence chambers are 
explicitly represented (g< c>.ta.l CCJ'ldi+~J:nS see 't.a.ole 7 and Part A, 

t.alX.e 3). 

5. 2. 1 '!'he Ph! ccncentratials in !-'.JI Wt lich was ; .• .ppl:i ad for atanizatial 

agreP. with those of the MDI dep:>sited in the cyclCl'le (G:, <100 ppn w/ w). 

No Ph! is detectable in tht. -~ocol for the given sarr;;:>ling tines 
+) 

Q volurres (TLC, detect.ioo limit 0,002 pp. v/v, s~ ·1g. 3). 

'Iberefore no rreasurable Ph! enrichment ."11 the atm:..~l occured, 

5.2.2 'lbe test far eranatic amines (eg.MDA 4,4, Aniline) were negative, 
• detectial limit 0,002 ppn v/ v. Indicat.ial of hydrolysis react.ials 

are not given by this test. 

5.2.3 '!be CXJ'l'i)ari..Bal of the Tl:C-nitroreagent-fingerprints showed no 

difference between the atanized MDI, the partial deposited in the 

cyclooe and the aerosol. (see fig, 3). Inclicat.ials of hydrolysis, 

oligareriza.t.ial or rearrangements are not given by this test. 

5.2.4 E>a::luslm 0'1ran3tograf,tly: After S8fli)ling in Oi2Cl2 the applied MDI, 

the partial of MDI de}X>Sited in the cyclooe and the aerosol itself 

indicated the same distrib.ltial of oligcriers and polymers (aee 

fig. 11). Indicatims of oliganerisat.ial are not ····Mn by this test. 

5.2.5 IR-SpecUO""..aeopy ~ After sanpling in a:i4 or with the ll1pact:Cr' and 

renoval of the solvent in a vacuum l<Br pellets \tilere produced. 

of the starting material lf1g. 12), of the partial deposited 

cyclooe (fig. 13) and of ti40 aerosol (fig. 14) ~ rec:orde: 

spectra give no 1ndicatir of c:han1cal clwlges, tney are 

w1thin the degree of mu.• mmt preciaial. 

+) 'l'Ot&l air VO] l 50 litres. 



.... 

I #o.. of • • • .. 
• . • t ' . . 

- 57 -

In order to substantiate the mformat:Lve strength of the 

spectra fia. 15 shCJWS in carparisoo w:Lm the atove the IR spec­

trum of a MDI sample deposii:ed oo a 9lass plate. which was left 
open to the latoratory air over night. Here chc::Ucal changes at 

2800 cm-1 (ali?latic) a."ld at appr:»a.mcttely 1700 c:n-1 are clearly 

seen. 

6. CCMclusian and outsumdins problems 

Analytical neasurerrcnts were ca.rriad c11.1t oo aerosols in sizes 

ra.iging fran o, 3 - 3 F' at concentrations between 1 m~/m3 and 

100 rrg/ m3. Fer t~se nea.surerrents a ccnvention.al direct sa:rpling 

.echnique (ir.plllger-washing-bottles, evacuated gas-pipettes, G4 
glass-sintered filters) and sampling using a cascade 1npactor 

was applied. 'l'ne evaluatioo of ~ in;:>acto:r rceasurerrents was carried 

oot ?lys.ically by weighing the deposited masses and ana.J.ytjcai ly 

by dissolving them in 0::14 foll~ by quantitative determinatiO'l 

of MDI by means of th N:O band. An asB\..rance o! the values ob­

taines al::ove was provided by canl:u5t.ion of the deposited masses in 

a ~tnoff apparatus and detenn.inat.ion of the total carb:n cont..mt. 

According to th.is nethod agreements of Bo \ were reached at 1.nter­

rrecti.ate CXJ'lcentratials falling to - \ at low CXJ'lcentratioos. 

l:::Jir.o tracee back to cxnst.ant ccn:entratic:ri - indepandent errors caused 
cy "Che wxking ma~ cho£d'l. '1he chosttn piocednre is ba&ic:Ally not 

limited by this. '!he CABCade irrpactor b therefore aat.!.sfactory as 

a smrplinq instrument for the nautaririq of low and intermediate 

MDI CXJ'lcentrat.ion w:Lthin the error ran~r described atove prov1d.1.ng 

a supporting anal.ya is e>eeludes erra.-1 ~tu• to ext:crnal f ac:tora ( eg. 

dust) • Th t.:ilte and 'MX'k expendit:u=e al.c:rig w:Lth the qualificatiO'l 

of th9 penamel should also be taken i.nto CCl'lSiderat.ion. 

'l'he etfect~.ven s of CCl'lventiooal 1crpling prcx:edure shows 

large f luctuat:.icN (1o - 9o •) for the ll described. 'lbes 

fluctu.at-.ims can poasibl.y be trfteed tock shi!ts of the centre of 

gravity of the particle size diatril:uticr. w:Lthin the o,3 - 3 pm 
spect:rurn (eq. .. ing of th centre of ~avity fran o,8 pm at 

1 ~/rrr3 to 1 ,6 F'tl at So m;/m3). 
• w 

I I · I . I. . I • 
. I I . . I . I 
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According to this the criticAl threshold limit v.h1ch determines 

the effectiveness of ccrivent.1.0lal sarrpling systems seems to lie 

between 1 - 2 pm for the l'\erosols of the type investigated. '!herefa::e 
the cc:rrparitive investigatioos beboleen direct san:pling and cascade 

irnpactor \<.hich are of special interest at low ccncentratials pro­
duced no results . 
A stripping effect due to the volatility of the MDI deposited a'l 
the glass-plates would influence l:cth gravimetry and analysis as a 

funct1al of the aerosol cx:ncentrat.i.Ol(at decreasing c::cncentrat.ial 

A reduced mio.mt of <Seposited masses la'lger sanpl.ing tines are 

necessa.."J') • '!'he quest.1.0l \tobether such an effect exists cannot be 

m'..swered with total c:x:nfidence. For the ,;mne I'easa'l a sinple 

and ncre reliable procedure for m::nitori.">C] of aerosols o th 

ccricentrat.i.a'l level can presently not be offered. 

Addi tiaul e.xperilrents are r'8CeSsary. '1hese should first of all 

includf invest .1 9at.ial of the volatility of ~I deposit.ea a'l the 

glass plates as a func:tia'l of the quantity of gas passed over them. 

Sec:aldly suitable smpling pccx:.dures far aero.ols of the kind 
described nust be developed. For th1.! µ.irp:>se a tutul er sarplina 

with 1.rrp:'ec;nated statialary FilAS• or an inpcegna.ted glass wool 
is ccntmplatro. 

'lbe investigat.ial of the chem1c&J. stability perfo:cned at con-
centratials ~ 10 m;/m3 toth with and withoit the resi.Oiance cham­

ber. It involved the c:anbined appl.i.caticrl of flDCl:luaia'I chran3tcr 

qra?"iy, IR apect:rolcOp'J and TIC a.l.a'lg with HPl.c. after derivati­
zat.1.0l of the 1.eocyanate .;ro,Jpa. In additia'I the l:'tlI cu:ich-

mt!nt in the aerosol and fo:aratial of aranatic &it-nines \IU spe­

c1.f1Cally tested. A PhI cu:i.c:tn9'lt in ~ nerai.ol WU not 

observed (detectial lim.1.t o,oo2 : ~ v/V'I. foz:mat.1.0l of 

aranatic nines (~, Ani.Lin) was established ( detect1al limit 

0,002 ~ v/v). 'lbe oc:rnb1Nd invutigatials ua TIC, HPLJ:, GPC 

and IR ahaweO no c:Mn9• bet\i.s1 the aeroeol the ~ mate­

rial and the JX.'il tlc:.' of it depo&it.C 
0 

in ~ cyclale. 

It can l::e ~luded tran thit that thtl aerosol over 1ta rr 

sideoce in the qu ibUe ranains (c!ur1n9 2 minutes) c:Mm.lcally 

within the range of mMaUra'lmlt preciaial. 
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After present.lng suitable direct sarplinq techniques supplementary 

experiments at the 1 m; coocentratia'l J.evel are r.ecarrnended for 

ca'!i'letial of the investigat.ials. ~ studies shoJld be subJect 

of a new CCl'ltract. 
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Tabe lle 1: 

Date 

J. J.80 

4. ).80 

5 . ) .80 
~ . 

10. 3.80 

Sampling with the cascade iapactor: comparison of 
gravimetry and IR-An2lysi s 

·, 

a~:1s~ea• sampling time 
0 • /h t [• in] 

100 50 

100 60 

62 62 

62 62 

66 15 

100 30 

100 120 . 

;~ 

Aerosol absoluti:q m6 
gravi•etr. anah'tlcal 

. 

0,7 
1,04 

1'5 
2,2 

I)' 7 

J ' 15 
0 , 34 

. 
:I • . 

0' J,j 

0,4 

l '3 
l ,6 

6' l 

l ' 1 
o, 17 

gravlmetr. 

2,5 1' 15 
3,7 1 ,J8 

5,0 4,3 

8. 1 5,9 

94 85 

8,2 7,8 
. 
0,6 0,3 



Tabell 2: 
Comparison of gravimet~y and IR-Analysis by 
absolute values [ms] 

Date 

3.3.80 

gravimetry 
[mg] 

, '03 

0' 43 
1'48 

2,23 
3,21 
, '28 

analysis 

0,83 
~,41 

, ''+4 

1, 94 
2, 92 
1', 5 

' ' 

(IR) 
Fraction 

0,3 - 1 µm 

1 - 3 µm 

3 fm 

O, 3 - 1 ,.um 
1 - 3 fm 

-·- 3 1um -

Tabelle 3 a: Test of solubil j ty of MDI !.fter doposi t1on on 
glass-plate 

Date 1rav1a:etry 
Cm1l 

analy!' ~ s Time of deposition 
(minJ 

30.11.79 4, 2 It' 0 0 
3' 13 3,5 . 5 
4,8 3,5 30 
4 ' , J,5 1000 

Tabelle 3 b: Checking or grav1metry-Ir-Analyala by means ur the 
TOC-value (combuat1on) 

Impactor 1 Impactor 2 Impactor 3 
Co1lcentra tions arav. anal. 1rav. anal. TOC ,Combustion 
MDI [mg/m~ 53,6 49,0 47,5 40 66,4 

50,7 46,0 46 38 39,4 

, '42 0,56 1, 65 0,54 1'04 
1 '2· 0,49 0, 95 0,54 O,G3 



Tabclle 4: 
Sampling with cascade iapactor, co•pared to direct sampling . 

•g HDltm3 

l•pactor !•pinger-washing-bottles evacuated~ Glass-sintered filte1 
Date Gravi•etry IR Toluene/HR CC14 tt2so4tDHSO pipettes 51 G 4 

1. 12. 79 121 102 78 

118 88 78 
22. 10 .• 79 54.8 - 12.5 - - 18.5 17 .5 . 

1 . 4 . 80 53.6 49.0 45 37 48.5 

~0.1 46 .o 35 31 38.6 

N 22~11.79 34 
\0 - 4.5 4.2 3.5 - 3.0 

16. 1.80 J l.4 '13 .o 6.5 4.0 - - 5.8 

:J 1. 7 t.4 

21. 3.80 l.42 0.56 0.13 0 . 15 "0.2 - <0.01 

l.23 0.43 0.08 o. 10 4::0.2 - 4-0.01 .. , 

t 

-



Tabelle Sa: 

Da~e 

22., 1 . 79 

" 
II 

" 
" 

... 

Tabelle Sb: 

glass-plate 

2 
2a 
3 
4 

5 
6 

1 
8 
ea 

9 
10 

Comparison of different ciethods or analysis 

Sampling: 
1.mp~nger -washing-bot. tles Method Result 3 with mg MDI/m 
Toluene/Nitroreagent DC 4.5 

., HFC 4 'I) 

CH2c12 UV, 281 nm 4,6 
236 nra 4,2 

H 2so 4 ,'DMSO Photometr. 3,5 
CC1 4 IR 4,2 

-....... - -

Comparison or metho~s by m~ans of sampl s from the 
glass-plates of an cascade impactor (directly after 
sampling, samples O.C3 # nitroreagent in toluene). 

HPLC 
mg/m3 TLC 

Nr. P~rticle f&lplate p&lf. ate 
siz I:!·~ arav. __ MDI 15rav. 

0,47 o, 17 0' 10 
. 

n.n. 
0,70 2. 3 1 ,2~ , 
, ' , 5,5 1,00 I. 

, '7 7 I ,(. 3,87 7 
2,5 7 ., 

I I l; ' , 3 e 
3,4 1 I o,ae 2 

4,3 , I .. 0,75 , '5 
5,7 2,0 , '07 , , 5 
7,7 0,5 0,25 , 
2,5 O, 16 0 t 10 o,s ,, 

Qt 1 o,oo n.n . 

r 28,~ , 5 ' .. 26,5 

11g1 1113 
MDI 

o,oo 
0,55 
2., 5 

3.80 
4,33 
1I07 
O. ts2 
C. 92 
0,55 
0,28 
o,oo 

14,4 



Tabelle 6: 

Date 

rs .3 .00 

21. J. 80 . 
2~.3.80 

28.3.80 

1.". 80 

10.4 .oo 

HeasureQents with the cascade i•pactor at entry and exit or the 
res'ldence cha~er w! th inter•edia te and low concentra tJons [in ( ) , 
values at ex1 tJ 

~3!~ 
t Rasider.ce time 

~in] [.tn] 

100 112 4' 1 
66 15 6,0 

100 120 " , i 
100 120 " • 1 
100 120 " ~1 
67 15 6,0 

67 16 6 ,o 
100 50 ". 1 ... 

Ae;-osol absolut !I 
graviJI. analytirJl 

o, 72 (0.62) 

4 ,oo (4,50) 

2, 10 (1,73) 

o, 78 (0,6~) 

0,91 (0,47) 

·3. 64 (3,48) 

3,41 (3,35) 

1,65 , , 
( 1 t 56) 

I 

' . 

0, 33 (0,30) 

3, 10 (3,78) 

0,96 (1,10) 

O,JO (0,27) 

O,JO (0,JO) 

3,33 (3, 16) 

2,00 (2,70) 

1,31 !1,25) 

"erosolconcentration ~.3] 
yaviJI. anal. K>I · 

1,J7 ( 1,24) 0,63 (0,57) 

ro,1 (62,5) 47,0 

3,78 (3, 10) 1, 74 ( 1, 79) 

1,42 (1,23) 0,56 (0,49) 

1,65 (0,85) 0,54 ·(0,54) 

53,6 <~. 7) . 49,0 (46,0) 

47,5 (46,0) 40,0 (38,0) 

6,73 (6,27) 5,34 l5,02) 



!..!Eelle 7 : 

Comparison gravimetry-IP.-Analysis by s•mpling 
with cascade impactor at the residence chamber 

r , 
Concentrations Lms1m:J sampling time 

~avimetry Analysis (IR) % t (min) 
60 50 83 15 
52,5 If 7 I 5 90 15 
'4 7 39 83 16 
5,6 5,2 93 50 
2,, , , 8 85 120 
1 I 1 0,5 46 · 120 
1 I 1 0,5 46 120 
0,97 0,60 62 , , 2 

' 

I 



T4iltelle B: 

entry ) 

"•l.t 
) r.ch~abe!" 
) 

entry ) r . ct:a :nber 
exit ) 

) 

Cc..illpar1son of direc\ .a•pling with the cascadr: impactor by 
aeasv.-cient at entry and exit of the residence chamber at 
lnteraed~~~e and lo~ conc~ntrations. 

i i•f'i;:::~r-"1.-.;hing-b•1tt.les [•gta3] lapactor 1 ~g/•3] I r~luf.ne/NR DH~C/H2SOi:. cc1,. g i"av. I anal • (IR) 
--,-· 

!e5 I 48 37 53.6 I 49.0 

35 :!9 31 50.7 46.0 

0. 13 '0.2 o. 15 l.42 I 0.56 

0.08 ~0.2 o. 10 1.42 0.49 

-

! 
; 

I 

Impactor 2 [mg/a3 

gralf. lanal.(IR) 

I 47.5 I 40 

4(.0 38 

I 1. 651 0.5lt 

0.85 0.54 



·. I ' t ' I -, .. 1- ··1 ·:-r-r·i:·-rr 
I I I ! I I I 

- i,' 1· ! j ·I 
I : 

TtTt : l·: ,' · .. ; i .! .. 1 l ~- : ;· -1 · 1· ., ' I _ _ ' 
1 

I ! I i F ~ 
. : I I : I I I : 
J , . I I I . ·- . -· · : : · ~; - · ~ ·~ i- r- :-
: ! i ' ! : :. : 

·- : ! • . .. . . . 
1 1 I I' '++I• • +t-,~:-: : 'i ; ' -r-~ !\ - I l .. +-:- -:' 

• • ' J • I • • t • 
I I I • ' • • .. -

_;. f Ji. :1 : i~~~-j~ .. ~ . -t-+ i ! . ·i : I : ! I - , . . ! I • 

___ ·!jj- .. : 

---- ~- ---~c----• I I . ., . . . · · • ···t ... , : ·~· ru~s . . :!-{ r' : cl 
: I -'lJ& c._'.:l_ I I ~ 
I I I l : ~-...; .: : i I l . 

-+-~· -~ .. ; ;1· : .... ~ : ~ i t ·- I' ~ . 
..J.....U =---~-- ~ . .. ____ u ~ : . 

• ... 

11cur• ,, GO-Chromatogram or ~I 4.4. and ite olicomar• 

• 1 • • ' • I• .... 
• • ' : •• : I I '1 .. .. 
"If I I I t . . . . . . . . 



.. . 
• 

• 
' ... 

,. . 
.. . 

-- --------- .. _. ·---·----· 
·Picure 101 n.c-Chroaatocrama S•P•Lration ot aromat10 4minea 



·- . 

..; 

, . ' . . . . . 
/ . . ·, . . . .. ·.. . . . . . . ~ ' 

. . . 
. . 

. . . 

- 69 •• 

- ' - -~ ------
E2'"1 t---------+-----------....0----------- -:-: . . 

~-- ~ 

I ,- Ill 
-

~~--~·~-t---------1-------1r----.--:-------'!"'-1~ 

·---· 

--- --·~--

... ... - - - - ... 

Figure 41 UV-Spelrtrum ct MDI. 

T ! , . . ·, I I r-r- ~ 1-- ~ ;...._-,--r, r--ri· I I I I i 

lli ·1· ~n -; . i:~S-~ 
1 • I I f • - . ·- ·---.--.. 
. . -·l ! :.. .. 
I ' • 

t·. . . - . . -· 
' I I I . • 
,_.__~·------.: ~ . I . 

1· 
I ! I I I I • 

. 

~ r , .. J . 
Pigure 51 UV-VIS-Spectrum of MDI-Azo-dye 

. . 
. " 

' ' 
. . 

,, 



. 

' I 
. t -·. 

' . ~ . . . . . -
' . . . . . . . . . 

... ... .. '. + •• • 

I I 
I,' • , •• tt· 
••• 

' I ' . .. .. , ' 

- 70 -

... · I · ... 
' I' 

-.. . ... .. 
. .. 

' l • I ' • 
. . . 
•• •• : t I : 

I''' I ' ' I .. : : . 
! • 

I '' '• I I t • I 

- •• r- • • • .,. • I-· ' t • • • • r •• •. • 

' j -'-- ;...~i-:.; ~.-----t"' 
I i I 

. --
I · ' . . 

.. 
: ; • 1 • • '. 

. . 

. r I ·' 
I I I 

' 

I 

i --r-. . . . : . 

I 

I 
.. 1 

• I • • 9' 
I f •• 

1· 11·1 1 
I I .. ' , . 

' I I ; 
I I I ..,. 

• I 

' I 



c:. 
0 
I-' • I 
CD 
0 
I-' 
c .. .... 
0 ::s 

-::u 
I 

CD 
"Cl 
tD 
0 

"' ., 
i 

. ..... 
. ' 

I TIWf9MtTTANC% 

~ 

i :--=====:. y 

I 

-

! ~ ... 3. t 



• • • ' 4o I 

' I •, . . . . . ' . . .... ' . 
- 72 -

i 1 t : 
-r-+:: . l . . . • • t • 

I I : ·i I : i 
. : ·r _Lt: I J_ I ' l....J..L ~- .L.-' - ~-

' 
l' 1 tt .: i I : : I I! 

:.. :i I- . . i I I : . + i . i I . • . I . . . . . I I 

;; 1....J' :; •. I I i . -~ -· ~ . -i- ~· - -+ ~. 
-:~~ ' ~4~~1 ' i i : I I i i 
~~-r-:-: ~I I .. ' - l i : i 
~ ·- 1 -.1

1
. _ 1 l . -~, · ; -~r~ 

=~ I • ' ' r \; ~ • • I 
- : ' i t : \ : • 

~- - · ~ 1 -i~ r ·r ~. ~- -- ~i~ ·-:f:\±--- ,. 
:::.: t:' = -::::: . ~ - · r· t . . . . Tit ~ ;__. -__;_ _...:._ 
::;--·;: . :=. • 1' • · i i : J. I • :.:.:.: : ._. . . -- -· r ----=. 2 .:.J. .• 1..lc· • ... 
- ~ ::--7, •• , ,· • _: ·. i . : : - . . . ~-· • T- · ·-- · -· . . . I 

~ ' " -~- . I f I !- t ! ~ . . ! - ~ --r­: : : t i 

l.. t t t· ui-~{ F A :r 1 t 1- t- ~ f -:·f.- T -~-:: +·-+ . .. ·'- L Li- . L f.. . i ' ·- ·: --j I ' j : i I I l • • '• 
. '-•"' . ..:l).Ju.C • • ' . .. ~- ---· ... 'T--: ... ... . ,, :.:: 

, I • ' • , , 

l i t I t . -1 i I r I 1 . : I i .. ~ ; ; 
·f!- _!-T_,: - - r' ~-~~- i -• ' " ~ :-~ -- ·+-
~ I I I I.' ' . I.: 
, 1

1 
; ' • • t· . . i • 1 • , r :- : .. : 

I I I I I ' I ' ~. ' : . ·- r:·. . ... -
L-~ • i. i-1: ·_ . i . . I ~ . ~ : : : .. 

·1 I ~ +· [!_ui'· i ·+,' h - -r-~-r: rt·-~ 
• .. • p t •• : : : : .. • 

9~ : I I I ~' I • . ~ ; ; I •• I ; . -+-r--+ . ; - :-. - f . 
i ' . • , t :. ' . ·r. , . J . I : I ~ I J .~ ~...L-L '1~ . l. . .I . ~ ~14~.~~ t~~~ , ·.~ .. ~~:;_.:c:-

- : - ! : ' : ' ' • ' : ' I I ' 

~-&U'.A•• 111 Compa iaon ot KDI by GPC1 
Oriiinal -. tarial, naJ.due 1~ QJelone, aeroaol 



MI ,f 'Vl-t:=btti 
::; (.{ 

t~ 
~~I 

1 l!Oe • "'.,. 
WA ~CM..teel'' 

• 

?igure 121 IR-Spectrum or origi~al MDI, JC.Br-pellet 

~l L'A 'rtJtt£-TI2r' 
~ 11'.t """" ~ -
;t 
~(13 
..,.54 .... 
~ .. -
~-·· ,;;'· .. 

' '3W •,ea WJ 1ff~·a • · , ,,. • 1iliii& 
tfA~' • 

r,~ 

,1gure 1Jr IR-Spectrum of the residue in 
KBr-pellet 

: 
... .... 



' .. 
.. -·.\ .. 

• rl~~;+.-

~~1~\!'(111.-u,.ty-· 
i-'s .... 
i~ I 
• 

18.-1 · l(N 
VAVuuecA' 

Hfll - 14N 
llAV~' 

. 

ur.~• . ,, .. 
VA~' 

Pigure 141 IR-Spectrum or the aerosol, IBr-rellet Pi«ure 151 IR-Speotru• or material alter depoel~ 
on glaae-plateo . and stcra')e aver night, 
Ker-pellet 

---
.• . 



CERTiFICATE OF AUTHENTICITY 

THIS IS TO CERTIFY that the microimages appearing on this microfiche u1 accunue 

and complete repro1uctlon1 of lh• rncords of U.S. Environmental Prot1c1lon Agancy 

document• u delivered In the regular courae or busine11 for mlcronlmlng. 

OW produc.<i.-l...,..l __ ..... l ..... 'O.___ ..... Zf"....__ 
(Month) (Oay) (Year) 

Place Syracuse 

(Cuy) 

New York 

(State) 

~~~~ ku:q_ 
• CL1lera O~erator 

a 
AIVIT8( 

corp 


	Part 1
	Part 2

